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VOLUME Xlll MARCH, 1908 NUMBER I 

SOME MICROSEISMIC TREMORS AND THEIR APPARENT 

CONNECTION WITH BAROMETRIC VARIATIONS.' 

John E. Burbank. 

In 1874 Professor Rossi of Rome, in ''BuUetino del Vulcanismo 
Italiano, Vol. i/' called attention to a possible connection between 
microseismic motion and variations in atmospheric pressure. He 
stated that no marked barometric depression had occurred during 
the preceding three years without having been immediately pre- 
ceded, accompanied, or followed by marked microseismic motion.' 
Professor Rossi calls these effects baro-seismic. 

The most recent papers on this subject, and the only ones to 
which I have had access, are those of Professor F. Omori, the well- 
known Japanese seismologist.' Professor Omori has called these 
motions *' Pulsatory Oscillations", on account of their regular pulse- 
like nature. 

This type of motion continues for several hours, often for two 
or three days, and always consists of groups of waves, alternately 
of maximum and minimum amplitude, and nearly constant period, 
similar to the phenomena of beats in acoustics. In a series of puls- 
atory oscillations observed at Tokyo on Nov. 17-19, 1900, the mean 
interval between successive maxima was i minute and 12 seconds. 

The pulsatory oscillations at Tokyo appear to be made up of 
two series of vibrations having periods of 4 and 8 seconds, re- 
spectively. Those with periods of 4 seconds are most common, 
while the largest pulsations, caused by deep cyclones, have gener- 
ally the 8-second period. Professor Omori concluded that the 
8-second period was the fundamental vibration period of the Tokyo 

1 Communicated by permission of the Superintendent of the U. S. Coast and 
Geodetic Survey. Read before the Philosophical Society of Washington on February 
29, 1908. 

*G. H. Darwin, Scientific Papers, Vol. i, page 432. 

8 Publications of the Imperial Earthquake Investigation Committee in Foreign 
Languages, No. 5, pp. 51-57: No. 13, pp. 81-86. 
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2 JOHN E, BURBANK [vol. xiii, no. i) 

plain, and the 4-second period was one of its harmonics. Pulsatory 
oscillations have been generally found accompanying low barometric 
pressure, although they have been observed when very quiet weather 
prevailed all over Japan. 

In November, 1904, a horizontal p«idulum seismograph of Om- 
ori*s type, consisting of two components, was mounted provision- 
ally in the north variation room of the Cheltenham Magnetic Ob- 
servatory.* One component, called North-South, was mounted 
so as to record motion in the magnetic meridian, that is in a line 
pointing about 5° west of north. The other component was 
adjusted to record at right angles to this line. 

These pendulums have each a steady mass of about 10 kilograms, 
the distance from the center of the mass to the line of suspension 
being in each component about 75 cms. Each pendulum with all 
its parts was mounted on a single limestone slab which rested at 
its ends on two stone piers. The lower parts of these piers are 
made of irregular pieces of marble laid in lime mortar, the tops 
consist of several regular blocks laid on each other. These piers 
project about five feet above the general ground level through the 
timber foundation and sawdust insulation of the building, the 
latter being closely packed against them. 

With the seismograph mounted in this way it was found impos- 
sible to maintain a very high degree of sensitiveness on account of 
the disturbing effects of the wind. It is impossible to say whether 
these wind effects were due to a contact between the piers and the 
substructure surrounding them, or to a shifting of the weight of 
the building due to the overturning tendency of the wind. Prob- 
ably both causes operated to produce the effects. On account of 
these disturbances the seismograph has been moved to a separate 
and specially designed building. 

The sensitiveness of a horizontal pendulum for slight displace- 
ments increases as the square of the period of swing, hence a pen- 
dulum adjusted to a period of 30 seconds is 2^ times as sensitive 
as when its period is 20 seconds. It was found inadvisable to em- 
ploy greater sensitiveness than that indicated by a period of 18 
seconds on the E-W component and 25 seconds on the N-S com- 
ponent. The east and west sides of the building are much larger 
than the north and south ones; the E-W pendulum was most 
strongly affected by the wind. 

< One of the magrnetic observatories of the United States Coast and Geodetic 
Survey, being: the principal base station for the mag^netic survey of the United 
States. It is about 15 miles southeast of Washington, D. C. 



Digitized by 



Google 



MICROSEISMIC TREMORS, 3 

On October 5, 1907, the seismograph was moved to a new house 
built especially for it. This building is of concrete, with a light 
wooden roof. It consists of an inner room, ten feet square, sur- 
rounded on the eastern half by a bank of earth, and on the west- 
ern half by a corridor, three feet wide. The floors and walls of 
both the inner room and the corridor are of grouted concrete. The 
upper portion of the outside wall of the corridor is extended 
around the east side, as a support for the roof, which is firmly bolted 
to iron straps set in the concrete. The building is banked to the 
eaves on all sides, except the west, leaving only this side, and the 
roof, exposed to the action of wind and sunshine. So far as can 
be seen no eflFect is produced by the wind. 

The pier on which the seismograph is mounted is a single block 
of concrete, 6 feet in depth, and extending 4 feet below the floor. 
Its horizontal section is I^-shaped, one arm pointing north, the 
other west. Each arm is 20 inches wide and about 6 feet long. 
The seismograph pedestals are bolted to the pier by heavy iron 
bolts set in the concrete. The soil in which the pier is placed is a 
mixture of clay and fine sand. A space of 6 inches in width is 
left between the pier and the floor, on all sides. 

The above described pier and house ought to move as an in- 
tegral part of the ground during the occurrence of any seismic dis- 
turbance. There can then be no question of a possible eflFect due 
to the vibrations of the building or pier. 

The writing stylus has been kept adjusted so as to magnify any 
motion lo times. The records are obtained on paper smoked over 
a benzene flame, and no strict uniformity of deposit of soot can be 
obtained. The density of the deposit is often such that the stylus 
plows a groove with ragged edges while on other occasions the 
trace is clear and sharp. On account of these variations in the re- 
cording surface it is often diflficult to detect the minute microseismic 
tremors, and it is still more diflficult to make any careful compari- 
son of the various cases noted. 

In September, 1906, the paper formerly used, which had a spe- 
cially prepared surface, was replaced by a plain book paper. Shortly 
after the new paper was used the so-called "pulsatory oscillations" 
were noticed. The first of these to attract attention were those 
occurring at the same time that the severe gulf storm was passing 
over Mobile, Alabama, on Sep. 27, 28, 1906. Prom that time on 
a careful systematic examination of all traces was made. This was 
first done without any knowledge of the barometric conditions 
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during the time in question. This procedure was considered ad- 
visable on account of the minute nature of the effect sought for. 

A study of these pulsatory oscillations showed that they con- 
sisted of a series of wave groups of maximum and minimum am- 
plitude like those described by Professor Omori. The interval be- 
tween successive maxima appeared to vary irregularly and in many 
cases the amplitudes of the oscillations were such as to show only a 
few waves in each group of maximum vibration. The period of 
the waves was measured in several cases. (See Table I, remarks.) 
In each case several groups of 8 or lo successive waves were 
measured. 

As it was not known what effect the variation building, itself, 
might have on the free vibration of the ground beneath it, especially 
when the vibration is of short period, and as the period of the piers 
might also come in question, it was not considered worth while to ob- 
tain anything more than an approximate value of the period of these 
waves. It is apparent, however, that the building had very little 
effect on the period of the waves as several cases, recently recorded 
in the new seismograph house, have essentially the same period as 
those recorded in the variation observatory. 

In Fig. I is reproduced a negative contact print of a portion 
of E-W seismogram of October 9, 10, 1906. The stylus was trac- 
ing at the point a at 8h. 20m. 40s., 75th meridian time, on Oct. 
9th. One hour later it was tracing at the corresponding time mark 
on the next line below and slightly to the left. The point b was 
being traced at yh. 20m. 36s. on Oct. loth. The small dots are time 
marks made by a special clock, the interval between two successive 
dots being approximately one minute. The figure contains a portion 
of each hour's trace. The irregular sinuosities in the first 1 2 hours 
were due to the wind. At about the time the wind ceased, about 
20 hours on Oct. 9th, the tremors can be noticed as a very minute 
wave motion gradually increasing in frequency and amplitude un- 
til about midnight and then slowly dying down. During this pe- 
riod, 2oh. on Oct. 9th, to about 8h. on Oct. loth a barometric de- 
pression was passing into the Atlantic Ocean near Portland, Maine, 
see also barogram taken at Portland, Fig. 3, PI. I. 

In the following table, Table I, are given the approximate times 
of beginning and ending of all cases recorded between Sep. i, 1906, 
and Jan. 31, 1908. In the more pronounced cases the time of the 
most active portion has been given under heading, maximum dis- 
turbance. 
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MICROSEISMIC TREMORS 
Table I 



No. 



Beginning 



Day Hour 



Maximum Disturbance 



Day Hour Day Hour 



End 



Day Hour 



Remarks 



Period of Waves, etc. 



I 

2 

3 
4 
5 
6 

7 
8 

9 
lo 
II 

12 

13 

15 
i6 

17 
i8 

19 

20 
21 



23 
24 
25 
26 
27 
28 
29 

30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 

49 



1906 

Sept 6 

" 16 

" 26 

Oct. 2 

6 

8 

" 9 

18 

Nov. 9 

" II 

" 15 
" 22 
" 29 

30 
3 



Dec. 



5 
" II 

" 13 

" 17 

" 19 

" 24 

1907 
Jan. I 

4 
" 10 
'• 16 
" 20 
22 
" 25 
31 
3 
4 
10 

14 
^9 
25 
6 
10 

15 
20 

24 
6 

24 

27 

9 

II 

" 27 

June I 

July 27 

28 



Feb. 



Mar. 



Apr. 



May 



12 

20 

8 

8 

20 

8 

20 

12 

12 

20 

7 

o 

o 

20 

3 
8 
o 
o 

14 
23 

o 



o 

23 
15 
16 

23 

20 

23 

22 

5 
20 

6 
21 

13 
o 

4 
19 

8 

o 
16 
II 

I 

9 
20 

8 
22 

23 

2 
10 



17 4 
27 8 



17 12 
27 12 



9 22 

19 12 



10 3 
19 24 



15 17 



16 4 



8 18 



9 5 



17 22 



18 6 



22 21 

26 8 



23 3 
27 12 



5 24 



20 16 



21 8 



6 8 
II o 



6 16 
II 8 



20 8 
9 II 



20 18 
9 21 



16 



Oct. 



Dec. 



1906 

Sept. 7 

" 18 

28 

3 

7 

" 9 

" 10 

" 21 

Nov. 10 

" 12 

" 17 
" 22 
29 

I 

3 

" 9 

12 

" 14 
" 19 
" 21 

" 24 

1907 

Jan. I 

6 

II 

" 18 

21 

" 23 

•' 28 

Feb. I 

3 

7 

II 

" 15 

22 

" 26 

Mar. 8 

" 12 

" 15 

'* 21 

" 24 

Apr. 10 

" 25 

27 

May 10 

12 

" 28 

June 4 

July 27 

28 



12 
8 
6 
8 
8 
8 
9 

12 



8 

8 

8 

8 

14 

24 

8 

10 

5 

8 

8 

20 



20 

I 

II 

o 

8 

10 

II 

20 

24 

6 

8 

20 

8 

14 

24 

2 

20 

16 

20 

6 

2 

21 

6 

10 

6 

8 

14 
22 



Very slight. 
Good. 
Very good. 
Slight. 



Slight. 
3.0-3.4 sec. 
5.0 sec. 
Very slight. 
Slight. 



Very slight. 



Slight. 
Slight. 



Very slight. 
Very slight. 



Very slight. 



Very slight. 
Exceed*gly slight 
Very slight. 
Doubtful. 



3.2 sec. 
Doubtful. 
Slight, 
3 4-3.5 sec. 



Slight. 



3-3-3-5 sec. 



3.2 sec. 
Doubtful. 
3.0-3.7 sec. 

3-3 sec. 
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Tabi^B I — Continued 



[Vol. XIII, No. ij 



No. 



Beginning 



Maximum Disturbance 



Bnd 



Remarks 



Day Hour 



Day Hour Day Hour 



Day Hour 



Period of Waves, etc. 



50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 

63 
64 
65 
66 

67 
68 

69 



70 

71 
72 
73 
74 
75 



1907 
Aug. 4 
Sept. 25 

*• 29 



30 

8 

20 

23 

27 

2 

6 

10 

19 

24 

26 

29 

3 
10 

" 14 
" 23 
" 29 

1908 
Jan. 5 
7 
II 

17 
23 
27 



Oct. 



Nov. 



Dec. 



o 

8 

8 

12 

10 

20 

22 

22 

18 

14 

5 

3 

15 

20 

3 
22 

II 

4 
8 

3 



4 
2 

21 

I 

14 
o 



1907 

Aug. 4 

Sept 26 

" 29 



8 17 



8 24 



28 12 
6 22 



28 24 
7 12 



19 6 
24 20 



19 II 
25 2 



29 14 



29 18 



Oct. 



Nov. 



Dec. 



II I 
14 14 



" 13 
15 3 



7 ID 
12 8 



8 2 
12 20 



23 22 



24 10 



9 
21 

24 

30 

% 

14 
19 
25 
27 
2 

5 
12 

17 
25 
3» 



1908 
Jan. 6 
8 
'3 
17 
25 
28 



14 
8 

24 



22 

4 

20 

8 

8 

8 

o 

16 

22 

8 

24 
16 
12 
16 
8 
16 



2 

20 
II 

8 

14 
o 



30-3-3 sec. 
Slight. 



Doubtful. 
3.0-3.3 sec. 



3.0-3.3 sec. 
Doubtful. 
3-5 sec. 
3,2-3.5 sec. 
3.2 sec. 
3.4 sec. 



4.2 sec. 
3.2 sec. 
3.5 sec. 
3.1-3.3 sec. 
Doubtful. 



Slight. 

3.2 sec. 
5.0 sec. 
Doubtful. 

3.3 sec. 



Fig- 1. 



8 ZQ^O Oct. 9, 1%)6. 



7 to 36 Oct. 10 1906. 
Portion of Selsmo^am, B-W Compon^at, Oct. 9-10, 1906. 
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MICROSEISMIC TREMORS 



Copies of Portions of Barogrjuns. Plats I. 

Vif. 1. r!hAr1«atnn ft t* . flan 1 (V%« 



Tig. 6. Atlantic Clt./» N. J. Jan. 1<>07. 



In plates I and II are reproduced copies of portions of the barograms re- 
ferred to in the following notes. In each case the actual barograph trace was 
copied without applying the corrections necessary to reduce to the standard 
barometer. These corrections vary from o.oi to o.io inch, quantities too 
small to be of importance in the present investigation. 
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Copies of Portions of Barocrams. Plata II. 



»iiT. 1- Wo^'folic. Va. »eb- 1907. 



fig. 3. Haw York. N. Y. Iliir. 1907. 



•i ^. 4. Atlantic City, H.J. Apr. 1907. 



Plates III, IV, and V are reproductions of portions of the charts 
"Tracks of Centers of Low Areas" for the months of October, 1906, and 
March and April, 1907. A comparison of these charts with the data con- 
tained in Table I shows a close coincidence between the microseismic 
tremors and the passage of the storm center over the coast. 
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Several cases mentioned in Table I, as slight or doubtful, need 
only brief mention. Of these, Nos. 33, 35, and 48 appear to be 
connected with barometric depressions which passed over New 
England into the ocean ; No. 45 appears related to two moderate 
depressions which passed over the Middle Atlantic coast line on 
May nth; No. 18 has a possible connection with a high area over 
South Carolina and Florida; Nos. 25 and 29 appear connected with 
high areas which passed over New England into the ocean, and 
No. 49 appears connected with a high area of moderate intensity 
which passed over Virgina into the ocean. 

The remaining cases, Nos. 4, 9, 13, 21, 32, 53, 55, 56, and 63, 
do not appear to have definite connection with any barometric va- 
riations. 

During the above period of time, September i, 1906, to January 
31, 1908, all barometric depressions of marked intensity, which 
passed over the coast line, between Maine and Florida, either from 
land to ocean areas, or vice versa, were accompanied by microseis- 
mic tremors at Cheltenham. 

During the period April 12 to 17, 1907, the paper was not prop- 
erly smoked. On June 14th, and also on June 29th, depressions 
passed over the coast line without any accompanying tremors, in 
both cases the depressions were very shallow being only 0.15 inch 
below the mean pressure prevailing over the eastern States. 

From a study of the data submitted it appears that whenever a 
sudden change of pressure takes place over the coast line the adja- 
cent portions of the Earth's crust are set in vibration. The ampli- 
tude and intensity of these vibrations depend on the amount and 
rapidity of the change of pressure. The most pronounced cases of 
this kind are those which accompany the passage of a storm center 
from land to sea, or vice versa. In this connection see Table I, 
Nos. 2, 3, 7. 8, ID, II, 19, 20, 28, 31, 34, 36, 39, 41, 42, 44, 46, 52, 
54. 57. 59' 62, 64, 65, 67, 71, and 74. 

The tremors do not accompany barometric depressions alone 
but often occur when the pressure is rapidly rising or falling ; see 
Table I, Nos. 6, 14, 15, 16, 17, 22, 23, 24, 26, 27, 30, 37. 51, 58, 61, 
66, 68, 69, 70, 72, and 75. 

Professor G. H. Darwin* has calculated the amount that the sur- 
face of the Earth should rise under a barometric depression. As- 

» Scientific Papers. Vol. x, pp. 444-450i also B. A. A., Report, 1882, pp. 95- "9- 
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suming the superficial layers more rigid than the most rigid glass, 
he finds that a depression of one inch in the barometric pressure 
should cause the Earth's surface to rise 4.5 centimeters. For ex- 
ample, if a barometric depression 29.0 inches was passing over the 
land, the surface of the Earth immediately under the center should 
rise 4.5 cms. above its mean position. As the pressure returns to 
its normal value, 30.0 inches, the surface would return to its orig- 
inal position. 

Darwin considers that the large barometric inequalities over the 
ocean do not always remain long enough over any particular area 
for the water to attain everywhere its due slope, and hence the full 
diflFerence of water level, which should accompany barometric vari- 
ations, can be attained only occasionally. This inability of the 
water to attain its full height under barometric depressions would 
be true of bodies of water partially enclosed by continental areas, 
like the Chesapeake Bay, for example. 

Whenever a depression passes, wholly, or in part, over the ocean 
the diflference between the depression and the mean pressure pre- 
vailing over the entire ocean is nearly compensated by a rise of 
water immediately under the depression. The resultant pressure 
on the ocean bed is thus practically unchanged, while that portion 
of the depression over the land exerts its efiect locally. 

The vertical movement of the Earth's crust under the depres- 
sion should decrease rapidly at the coast line, becoming zero a few 
hundred miles outside, since the pressure on the ocean floor has 
not been changed. 

If the change of slope of the ground, or tilting, in connection 
with such an Earth wave be considered, it would appear that the 
greatest tilting ought to occur at the shore line, because the load 
removed and added under barometric variations has an abrupt 
margin at this line. 

Aside from the question of static pressure there is a possibility 
that the intense winds, accompanying most storms, together with 
the forward movement of the depression may set in vibration a 
large mass of water, thus creating storm waves of considerable 
magnitude. These storm waves, together with the oscillation of 
the mass of water, may set up vibrations in the adjacent land area. 

It is not clear why such vibrations should always have a reg- 
ular period, unless it is the natural period of the place of observa- 
tion. In this case 3.3 seconds would appear to be the natural pe- 
riod of vibration of the locality surrounding Cheltenham. 
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In conlusion I wish to express my great obligation to Mr. O. H. 
Tittmann, Superintendent Coast and Geodetic Survey, for permis- 
sion to publish this paper, also to Mr. R. !<. Paris, Inspector of 
Magnetic Work, and Mr. J. F. Hayford, Inspector of Geodetic 
Work, Coast and Goedetic Survey, for valuable suggestions. 

I am also under great obligation to Professor Willis I^. Moore, 
Chief U. S. Weather Bureau, for his kindness in allowing me to 
use the data in Plates I to V. 

NOTES. 

The following notes on barometric conditions, prevailing at the times 
when the tremors were recorded, were obtained from the daily weather maps, 
issued by the U. S. Weather Bureau, and from the charts of tracks of centers 
of high and low areas as published in the Monthly Weather Review. In 
these notes a reference to the conditions on any day, means the conditions at 
8 a. m., unless otherwise stated. All barometric pressures are expressed in 
inches and decimals of an inch. 

1. Sept. 6, 1906, a high area, 30.2, was central over Virginia, Maryland, 
New Jersey and adjacent parts of the Atlantic Ocean, elsewhere east of the 
Mississippi the conditions were normal. Sept. 7th, the high area, 30.1, had 
moved northwestward and the pressure had fallen about 0.2 along the Atlantic 
Coast, with very little change in the central valleys. 

2. Sept i6th, a high area, 30.5, was central over New England diminish- 
ing to 30.1 at Savannah, Ga., with the intervening isobars normal to the coast 
line. On the 17th, the high area had decreased in pressure to 30.3, and a 
depression, 29.65, had appeared over the ocean east of South Carolina. This 
depression produced a difiference of pressure between Cape May and Wil- 
mington, N. C, amounting to 0.65. At 8 p. m., on the 17th, the depression 
was central over Augusta, Ga., and on the i8th it had diminished to 29.85 and 
was central over eastern Tennessee. Meanwhile the high area had moved 
slightly southward. The pulsatory oscillations began shortly before mid- 
night of the i6th^ and were most active between 4 and 12 hrs, on the 17 th^ 
they then gradually diminished, and disappeared about 8 hrs. on the iBth. 
The barogram taken at Charleston, S. C, south of the storm track. Fig. i, 
Plate I, shows a decrease of pressure from 30.0 inches at 8 p. m., Sept. i6th, 
to a minimum, 29.4, at about 13 hrs. on the 17th, after which the pressure rose 
to over 30.0 at 8 a. m., Sept i8th. The period of greatest activity of the os- 
cillations coincided closely with the passage of the center of depression from 
the ocean onto the land, 

3. Sept. 26th, a high area, 30.4, over the N. Atlantic States decreasing to 
30.0 at Savannah, Ga. At this time the Gulf storm was approaching Mobile. 
On the 27th the high area had become 30.2, and the storm with a minimum, 
28.83, was central over Mobile and Pensacola. During the 27th the depres- 
sion moved northward and was central on the 29th over St. Louis with a 
pressure 29.7. 

A comparison of the pulsatory oscillations with the barogram. taken at 
Mobile^ Ala,, Fig, 2, PI, /, shows that the tremors began when the pressure 
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fell slightly below ^9.80, at about 8 a. m. Sept. 26th, and continued until the 
barometer had risen to nearly the same value at 6 a.m., Sept. M8th. The period 
of greatest disturbance, 8 to 12 hours on the 27th, coincides with the time of 
passage of the center of the depression from the waters of the Gulf over the 
coast line at Mobile. The tremors reached a maximum effect, which might 
be regarded as a minute earthquake, at 9:45 a. m. Sept. 2jth. 

5, 6, 7. Oct. 6th, a depression, 29.50, central over Ontario and another, 
29.56, central over Pennsylvania, having moved from New Orleans since the 
5th. During the day these two combined and produced a deep depression, 
28.7, central over the St Lawrence valley on the 7th. The isobars parallel to 
the coast and increasing to 30.0 at Cape Henry. A high area was over the Gulf 
States. On the 8th the high area had advanced over the Atlantic States, be- 
ing central over Cape May. On the 9th the high area had moved over Nova 
Scotia and increased to 30.5 and a depression, 29.5, was central over Ontario, 
and the resulting pressure was 30.0 along the Middle Atlantic coast. During 
the day the depression moved southeastward over New England into the Bay 
of Maine. The pressure over the North Atlantic coast diminished 0.2. 

No tremors appear on the seismograms until about 20 hrs. on the 6th, al- 
though the path of the depression earlier in the day was over the crest of the 
Allegheny mountains comparatively near Cheltenham. The tremors between 
8 a. m., Oct. 8th, and 8 a. m., Oct. gth, appear to be connected with the pas- 
sage of the high area from the land to the ocean. In this connection the bar- 
ogram taken at Portland, Maine, Fig. 3, PI. i, is interesting as it shows the 
passage of a high area over the Maine coast during this interval of time. 
The third set of pulsatory oscillations, reproduced in part, in Fig. i, appear 
to be connected with the depression moving over New England into the Bay 
of Maine. It is noticeable that the tremors are most active between 22 hrs. on 
the gth, and j hrs. on the loth. The barogram from Portland, Maine, some 
distance east of the path, shows a partial coincidence of the two phenomena. 

8. On Oct. i8th a depression appeared off the coast of Florida and ad- 
vanced to the east of South Carolina where it remained nearly stationary un- 
til the 2oth at a pressure of 29.5. During the 20th it moved southward and 
disappeared under the influence of a high area which had moved eastward 
during the 19th and 20th. 

10. On Nov. nth a depression, 29.68, was central over W. Virginia, during 
the day it moved northeastward, passing into the ocean in the afternoon, and 
was central on Nov. 12th at 29.5 over the Bay of Maine. 

In this case no tremors were discernable until about 20 hrs. on Nov. nth, 
about the time the depression was passing out to sea. 

nth. On Nov. 15th a depression, 29.6, was central over the coast east of 
North Carolina having moved northeastward from Alabama during the pre- 
ceding 24 hours. During the day it increased in intensity and moved north- 
ward being central, at 20 hrs., over the ocean south of Block Island and on 
Nov. i6th it was central at 29.3 over the Bay of Maine. This depression was 
rapidly followed by a high area, 30.1, which covered the Atlantic States on 
Nov. 17th. 

The tremors accompanying this depression are very distinct, beginning at 
/ a.m., Nov. 15th, and lasting for about 2 days. The barogram from Hatteras» 
N. C, Pig. 4, PI. I, near the path of the storm center, shows a good coinci- 
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dence between the beginning of the tremors and the passage of the depres- 
sion center over the coast. The most intense period was when the depression 
was traveling over the ocean east of New Jersey. 

12. On Nov. 2ist a depression, 29.65, moved up the Mississippi valley and 
was central over Ontario on the 22d. During this time a second depression 
had developed over southern New England causing a pressure change in that 
vicinity amounting to 0.3. 

14. On Nov. 29th-3oth, a high area moved southeastward from the Lakes 
and passed out to sea over Charleston, S. C. In this case the tremors be- 
gan at about 20 hrs. on Nov. 30th, when the center of pressure was passing over 
the coast. 

15 and 16. A depression, central over New York, on Dec. 3d, moved east- 
ward and was followed by a high area, 30.36, central over the North Atlantic 
States on Dec. 4th. This caused a pressure change of 0.3 to 0.5 over the At- 
lantic coast. This high area was followed by a depression, 29.3, in the St. 
Lawrence valley, on Dec. 6th. A second high area followed this depression, 
and on Dec. 8th was over the Atlantic States. 

The pulsatory oscillations appear almost continuous for the four days^ 
8 a. vt.f Dec. ^th to 8, a. m. Dec. gth, and appear to be connected with the suc- 
cessive waves of high and low pressure. 

17. On Dec. nth a high area, 30.8, was central over Ontario and a depres- 
sion, 30.1, east of N. Carolina. On Dec. 12th the high area covered the entire 
Atlantic coast producing a change of 0.3 in 24 hours. 

19. On Dec. 17th a depression, 29.88, was central over Tennessee and mov- 
ing eastward. On Dec. i8th it had passed into the ocean, and a high pressure 
advancing from the northwest had caused a change of about 0.4 over the 
Middle Atlantic States. On Dec. 19th the high area had advanced to the 
coast, producing a further change of 0.4. 

The tremors appeared on the seismogram at about 14 hrs. on the 17th, and 
were most active between 22 hrs. on the lythy and 6 hrs. on the i8th^ at about 
the time the depression passed out to sea north of Wilmington, N. C. The 
barogram taken at that place, Fig. 5, PI. i, shows a moderate depression dur- 
ing the 17th. The pressure began to rise about the same time that the tre-. 
mors became most active and continued to rise until 8 a. m. on the 19th. 

20. During Dec. 19th a moderate depression developed over the ocean 
east of Virginia and was central at 29.92 over Norfolk on the 20th. It then 
moved northward and increased to 29.75, central over New York on the 21st, 

22. During Dec. 31st a depression, 29.3, advanced from the Great Lakes 
to Maine where it was central at 29.85 on Jan. ist This was followed by a high 
area, 30.5, central over the North Atlantic States on Jan. 2nd, and causing a 
pressure change of 0.3 to 0.4. 

23. On Jan. 4th a depression, 29.54, was central over Quebec and moving 
eastward. On Jan. 5th a high area, 30.3, was central over the Allegheny 
mountains moving northward. This produced a change of 0.2 to 0.3 over the 
Middle Atlantic States on Jan. 4th, and a change of 0.3 to 0.4 over the North 
Atlantic States during Jan. 5th. The tremors accompanying these pressure 
changes are exceeding slight. 

24. On Jan. loth a depression, 29.20, was central over Lake Superior and 
a high area, 30.2, was over the ocean east of Maryland. During the next 24 
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hours the high area disappeared and the depression, diminished to 29.55, ^^ 
central in the lower St Lawrence valley. These conditions produced a pres- 
sure change of about 0.3 over the North Atlantic States. 

26. On Jan. 20th a depression. 29.1, central over Canada. On Jan. 21st a 
high area, 30.7, central over Kentucky had produced a pressure change of 
0.4 to 0.6 over the North Atlantic States. 

27. On Jan. 22d a depression, 30.1, was central over western Pennsylvania 
and a high area, 30.9, over the Dakotas. During the following 24 hours the 
high area advanced, filling up tine depression and causing a pressure change 
of 0.2 to 0.5 over the North Atlantic States. Apparently it was this change 
which was connected with the tremors. See barogram from Atlantic City, 
Jan. 2ist-23d, Fig. 6, PI. i. 

28. During Jan. 25th a depression, 29.90, moved from the Lakes south- 
eastward over Maryland where it was central at 8 p. m., it then turned north- 
eastward passing out to sea. Its approach to the coast had caused a pressure 
change of 0.4 and 0.5. This depression was followed by a high area, cen- 
tral over New England on the 27th at 30.64 which caused a second pressure 
change of 0.4 to 0.5. On Jan. 25th a second depression had advanced from the 
Gulf and was central over Georgia on Jan. 26th at 29.80. It passed out to 
sea during the 26th. 

The tremors began about 23 hrs, on the 2Sth, about the time the first de- 
pression passed over the coast near Cape May. The most intense portion, 
8 hrs. on the 26th to 12 hrs. on the 27th appears to be connected with the pas- 
sage of the second depression over the coast near Savannah and the follow- 
ing rapid rise of pressure over the entire Atlantic coast. 

30. On Feb. 3d a depression, 29.02, was over the lower St. Lawrence and 
a high area, 30.8, over the Dakotas. Pressure changes during the following 
24 hours varied from 0.15 over Virginia, to 0.55 over Maine. 

31. During Feb. 4th a depression developed over the Mississippi Delta 
and moved rapidly northeastward passing out to sea over the North Carolina 
coast about midnight. On Feb. 5th it was central over the ocean south of 
Block Island, and on Feb. 6th it had disappeared and a high pressure, 30,2, 
covered the Middle Atlanic States. 

The tremors began at 20 hrs. on Feb. 4th, and continued to 6 hrs on Feb. 
7th. The barogram taken at Norfolk, Va., during this period. Fig. i, PL II, 
shows that the center of depression passed out to sea at about the time the 
tremors were most active. // also shows that the pressure was steadily rising 
during almost the entire time the tremors were in progress. 

34. On Feb. 19th a depression passed southeastward over New England, 
and was central in the Bay of Maine on the 20th at 29.68. Meanwhile a sec- 
ond depression developed over Alabama and South Carolina. During the 
20th it moved northeastward and increased to 29.54, and was central over 
Maine on the 21st. This depression was followed on Feb. 23d by a high area, 
30,82. 

While the tremors began when the depression was wholly over land and 
continued through the srst during the approach r>f the high area, it is notice- 
able that the period of greatest activity , 16 hrs. on the 20th to 8 hrs. on the 
2tsty was when the depression was moving northward over the ocean just east 
of Virginia. The barogram taken at Norfolk, Fig. 2, PI. II, shows coinci- 
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dence of minimum pressure on the coast and maximum effect of tremors. It 
also shows, as on Feb. 5th and 6th, that the tremors continued during the rise 
of pressure. 

36. During Mar. 5th a depression developed oyer the Lakes and com- 
bined with another from the lower Mississippi valley. This depression passed 
out to sea over New York, being central on the 6th at 29.85 south of New 
England. This was followed on Mar. 7th by a high area, 30.4, which caused 
a change of about 0.6 in 24 hours. This high area was in turn followed by a 
depression, 29.9, on Mar. 8th. , 

The tremors continued until midnight of Mar, 8th, and were apparently 
connected itnth the rapid changes of barometric pressure. The period of 
greatest activity on Mar. 6th coincided closely with the passage of the de- 
pression over the ocean ; see barogram taken at New York, Fig. 3, PI. II. 

37. On Mar. loth a depression of moderate intensity was central over 
Kentucky. It moved eastward passing out to sea near Cape Hatteras about 
20 hrs. This was immediately followed by a high area, 30.4, central over 
West Virginia on the nth, and on the 12th this high area moved out to sea. 

While the tremors began about the time the depression was passing into 
the ocean the period of greatest activity appears to coincide with the rapid 
rise of pressure. 

38. On Mar. 14th a depression, 29.88, passed out to sea near Norfolk, and 
on Mar. 15th a high area, 30.50, was central over Virginia. This caused a 
pressure change of 0.45. 

39. During Mar. 19th a depression advanced from the Lakes to Maine 
where it was central on Mar. 20th at 29.66. This caused a pressure change of 
about 0.5 over the North Atlantic Sta^s. It was followed by a high area, 
3a24, central over Virginia on Mar. 21st 

In this case the tremors appeared to be connected with the rapid changes 
in pressure, but the period of greatest activity, 8-18 hrs. on the 20th coincided 
with the time of passage of depression into the Bay of Maine. 

40. On Mar. 24th a depression, 29.71, passed southeastward over New Jer- 
sey and disappeared in the ocean and was immediately followed by a high 
area, 30.42, central at 20 hrs. on the 25th over the ocean east of Maryland. 

41. On April 6th a depression was central over the Allegheny mountains 
east of Tennessee. During the day it moved eastward and passed into the 
ocean over Wilmington, N. C. According to Chart III, Monthly Weather Re- 
view for April, 1907, it followed a northerly course near the coast, and during 
the morning of Apr. 8th passed inland over New Jersey, and turned to the 
west and southwest in semicircular path and was central at 29.44 over Lynch- 
burg, Va., at 8 p. m., Apr. 8th. It then turned east and northeast and passed 
out to sea a second time over Norfolk, being central at 29.14 southeast of 
Delaware. See barogram taken at Atlantic City Apr. 8th-icth, Fig. 4, PI. II. 
During this period a second depression had developed over the Lakes, and 
during the 9th it advanced and united with the first depression. The result- 
ing depression, 28.82, was central at 8 p. m., Apr. 9th, over Cape Cod. See 
barogram from Block Islanif, Fig. 5, PI. II. 

The tremors began on the 6th at about the time the first depression 
reached the coast near Wilmington, N. C. They greatly diminished and nearly 
disappeared between 8 and 24 hrs. on the 8th, when the depression was passing 
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inland and circling to the west and south. They again increased and reached 
their maximum intensity between 11 and 21 hrs. on the gth^ when the depres- 
sion wcLS passing out to sea and uniting with the second one. 

42. On Apr. 23d at 8 p. m. a depression, 29.34, was central over Wash- 
ington and moved rapidly northeastward to Cape Cod where it was central 
on the morning of the 24th. 

43. On Apr. 27th a slight depression was central over South Carolina and 
a high area, 30.46, was over northern New York. 

44. On May 9th a depression, 29.78, was central over lyynchburg, Va., and 
during the day it passed into the ocean and disappeared. On May loth, at 
8 p. m., a depression, 29.72, was central over eastern Pennsylvania whence it 
moved over Atlantic City into the ocean, and was central south of Nantucket 
on the nth. On the morning of the nth a second depression was central 
over Cape Hatteras. This second depression moved northward along the 
coast gradually disappearing. 

46. On May 27th a depression, 29.40, was central over Canada and during 
the day it increased in intensity and moved southward, passing into the ocean 
south of Maine. 

47 On June ist a depression, 29.40, advanced from the Lakes to the At- 
lantic coast where it produced a widespread depression of about 29.50, on 
June 2d. This depression decreased in area and moved northward, and was 
central at 29.35 over Nantucket on June 3d. On June 4th a pressure of 30.0 
prevailed over the Middle Atlantic States. 

50. On Aug. 3d a depression, 30.0, of moderate extent, developed over 
Virginia and North Carolina and moved northeastward along the coast, being 
central at 29.8 over Nantucket on Aug. 4th. 

51. During Sept. 23d a depression, 29.6, moved northeastward from 
Georgia to New York, while a second, 29.25, of large extent, covered the 
Great lyakes and adjacent territory. During the 24th the first depression dis- 
appeared and the second advanced to the Gulf of St. Ivawrence. 

The tremors first appeared about 8 hours on Sept. 25th. Their connection 
with the depressions is not clear ^ unless they were due to general changes in 
pressure. 

52. On Sept. 28th a depression, 29.65, moved eastward from Illinois and 
was central over Atlantic City on the morning of Sept. 29th. At the same 
time a second depression, 29.7, was central over Charleston, S. C, having 
moved up from the Mississippi Delta. 

The beginning of the tremors is coincident with the passage of both these 
depressions over the Atlantic coast line. 

54. A depression, 29.55, central over Michigan on Oct. 7th, moved east- 
ward and covered the Atlantic coast from Cape May northward with a pres- 
sure of 29.5 on the morning of Oct. 8th. It produced a pressure change of 
0.5 in 24 hours. This depression was followed on Oct. 9th by a high area, 
30.3, central over Maryland and adjacent states. This high area caused a 
pressure change of 0.5 to 0.8 over the Middle Atlantic States. 

The tremors began during the passage of the depression over the coast 
line, but the most active portion was from ly to 24 hrs. on the 8th when the 
high area was advancing from the southwest and causing the tnost rapid pres- 
sure changes. 
3 
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57. A depression, 29.8, central over Lake Superior on Oct. 27th, moved 
southeastward and increased to 29.65 central over Atlantic City on Oct. 28th. 
It then passed out to sea and moved notheastward, and was central over 
Block Island on the 29th. 

The tremors were most active between 12 and 24 hrs, on the 28thy when 
the depression was passing over the ocean east of New Jersey, 

58. On Nov. 2d a depression advanced from Michigan and was central 
at 29.2 over northern New York and Canada. While the center did not pass 
over the coast it caused pressure changes varying from 0.3 over Cape May to 
0.8 over Portland, Maine. 

In this case the tremors seem to be connected with the change in pressure. 

59. A depression, 29.7, central over the Lakes moved southeastward, and 
was central, 29.65, over western Maryland on Nov. 6th. It then moved to the 
northeast passing over New Jersey and Long Island and moved northward 
over New England. It was central, 29.1, over Montreal on the 7th. 

The tremors began at about the time the center was approaching Long 
Island. The most active portion appears to coincide with the increase in in- 
tefisity on the passage inland over the New England coast. 

60. During this period the seismograph was exceptionally sensitive. 
There was no marked pressure changes. Two ill-defined depressions ap- 
peared on the nth, one over the ocean east of Hatteras, the other over Nan- 
tucket. During the nth the pressure rose slightly over the Middle Atlantic 
coast. 

61. On Nov. i8th a high area, 30.3, covered the Atlantic coast from Hat- 
teras northward, and an ill-defined depression was central over Alabama. On 
the 19th this depression, 30.0, was central over Nantucket, and the pressure 
over the Atlantic coast was 30.2.. 

62. On Nov. 23rd a depression, 29.95, central over Alabama moved north- 
eastward, passing out to sea over Hatteras in the early morning of Nov. 24th. 
It was central, 29.8, over the ocean east of North Carolina and Virginia at 8 
a. m., Nov. 24th. It then moved northward near the coast and increased to 
29.7, and was central over Block Island on Nov. 25th. It passed inland over 
the coast of Maine late on Nov. 25th. 

The trefnors in this case began about 15 hrs. on Nov. 24th ajter the de- 
pression had already passed out to sea. The most active period^ 20 hrs. on 
the 24th to 2 hrs. on the 2sth, coincides well with the time of passage of the 
depression east of New Jersey. 

64. A depression, 29.95, passed eastward over Florida during the morning 
of Nov. 29th. During Nov. 30th a moderate depression, 29.9, moved from Il- 
linois to Virginia and was over the ocean east of Hatteras on Dec. ist. It 
caused a pressure change of 0.2. During Dec. ist a depression developed and 
was central over New Brunswick at 29.6 causing pressure changes in that vi- 
cinity amounting to 0.5 to 0.7. 

65. During Dec. 3rd the pressure increased to 30.2 and a moderate depres- 
sion developed over North Carolina and moved southeastward, being central 
over the coast on Dec. 4th. A second depression also developed over Nan- 
tucket. During Dec. 4th the first depression disappeared and the second in- 
creased in intensity causing slight pressure changes along the New England 
coast. 
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66. On Dec. 9th a depression moved from the Mississippi valley and was 
central at 29.45 over Lake Ontario on Dec. loth. This caused pressure 
changes of 0.4 to 0.6 along the North Atlantic coast. During Dec. loth it in- 
creased to 29.35 central over Maine on Dec nth and causing a further pres- 
sure change in that vicinity amounting to 0.4 to 0.5. During Dec. nth the 
pressure rose to nearly normal value except over New England. 

The tremors began at 11 hours on Dec. loth when the depression was 
approaching New England. The most intense portion ^ i to ir hrs, on Dec. 
iith^ was when the center was near the coast of Maine. 

67. During Dec. 13th a depression moved up from the lower Mississippi 
valley and separated into two parts. One, 29.6, moved eastward over the Car- 
olinas and passed over the coast of Virginia during the forenoon of Dec. 
14th. It continued northeastward, and was central over Nantucket on Dec. 
15th. The second, 29.5, moved slowly northward and was central over Michi- 
gan on Dec. 15th. 

The tremors began at 4 a. m. on Dec. i4th^ when the first depression was 
approaching the coast. The most intense portion^ 14 hrs. on Dec. 14th to 3 hrs. 
on the 15th, coincides with the passage of the center over the coast line near 
Cape Henry and its subsequent passage over the ocean east of Delaware. 

68. On Dec. 23d and 24th an intense depression, 29.2, increasing to 28.7, 
moved up the Mississippi valley and passed eastward to the Gulf of St. Law- 
ence on Dec. 24th. It caused great pressure changes along the coast. The 
decrease, Dec. 22d, 23d, over Maryland and vicinity, was about 0.9. On 
Dec. 23d, 24th, over New England, 0.7 to o*8. 

In this case the existence of the tremors is doubtful. 

69. During Dec. 28th the pressure increased about 0.3 over the Middle 
Atlantic coast. During Dec. 29th an intense depression developed and moved 
eastward, being central at 29.35 over Lake Erie on Dec. 30th. It caused 
pressure changes of 0.5 to 0.6 over the Middle Atlantic States. During the 
30th it moved eastward, and increasing to 28.9 passed out to sea over Nova 
Scotia on Dec. 31st. Pressure changes over the New England coast range 
from 0.5 to i.o. 

The tremors accompanying these changes were not very intense. 

70. During Jan. 4th a depression, 29.55, moved from Lake Superior to 
Nova Scotia where it was central, 29.3, on Jan. 5th. The accompanying pres- 
sure changes varied from 0.5 over Hatteras to 0.8 over Maine. 

71. During Jan. 6th an intense depression moved from the Gulf over 
Florida and was central over the coast line of North Carolina at 29.2 on Jan. 
7th. It then moved northward with its center on the coast line and passed 
inland over New York and was central over northern Maine on Jan. 8th. 

The tremors began at 2 hrs. on the yth about the tUne the center reached 
the coast of South Carolina^ and continued until 20 hrs. on fan. 8th. The 
most active portion^ 10 hrs. on the 7th to 2 hrs. on the 8th, include the time 
when the center wa^ passing northward east of Maryland. 

72. During Jan. iith-i3th, an intense depression, 29.45, increasing to 29.05, 
passed from Alabama northward and eastward, and was central over New 
Brunswick. Its passage caused great pressure changes along the entire At- 
lantic coast. 
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The noticeable feature of this case is the active tremors between 8 and 20 
hrs. on Dec. 12th when the center was near Lake Erie. The period of the 
waves in this case was^.o seconds, and in almost all other cases it appears to 
be between 3.0 and 3.5. 

73. On Jan. i6th a high area advanced to the coast causing a pressure 
change over Maryland and Virginia of about 0.4. 

74. On Jan. 23d two depressions developed, one over the coast of North 
Carolina, the other over Lake Erie. During the day they appioached each 
other and united on the morning of Jan. 24th, at 29.7, central over Block 
Island. The resulting depression moved northeastward and disappeared 
during the 24th. 

The tremors began during the development of the first depression over 
Hatteras. The most intense portion was while the two depressions were com- 
bining over the ocean south of New England. 

75. During Jan. 26th a depression, 29.35, central over Illinois moved to 
the Gulf of St Lawrence, increasing to 28.95 on the morning of Jan. 27th. 
This caused pressure changes along the Atlantic coast, varying from 04 over 
Hatteras to about i.o over Maine. 

United States Coast and Geodetic Survey Magnetic Observatory, 
Cheltenham^ Maryland, 
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MAGNETIC SURVEY OF THE DUTCH EAST INDIES. 

By W. van Bbmmei«En. 

[Sixth Communication.!] 

In 1907 Mr. F. H. Staverman, retired Lieutenant in the Dutch Navy, acting subdirector 
of the Batavia Observatory, on two trips completed the magnetic survey of the Dutch East 
Indies. The first trip undertaken in April and May extended from Bandjermasin along the 
eastern and southern coast of Borneo and up the river Barito to Central Borneo. The 
second trip during October and November extended from Makasser to the southern and 
eastern coast of Celebes and the neighboring islands, and back from Makasser to Java along 
Kalu Kalukuang in Strait Makasser, Great Solombo, and Bawean in the Java Sea. The 
instruments and methods of observation were the same as used by me in previous years. 
The results given in the following table have not been corrected, /. e.^ no reductions to the 
Batavia standard instruments were made nor were corrections applied on account of diurnal 
or other variations. [Batavia, Jan., 1908,] 

Table of Results of Observation in 1907. 

[Uncorrected for Diurnal Variation.] 
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Donggala 
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123 32 30 
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112 39 O 

107 36 29 
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Nov. 16 
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25 

" 2^ 
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May 5 

6 

•• 2 

"' i 

14 
" 17 
•• 19 



" 25 
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Nov. 10 
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23 

24 

Nov. 4 
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25 



h m 
9 37a 
9 2a 
9 34a 
9 22a 



836a 



h m 

o i8p 

7 43a 
II 49a 
II 38a 

8 30a 

9 7a 
2 59P 



9 2ia 
9 59a 
9 51a 



o 36.2 

o 33-5 

45.6 

1 58.3 



9 46a 



2 02.4 



847a 

2 27P 

8 30a 

9 39a 



4 45P 



31 305 
3» 33.9 
3' 09.9 
23 540 
23 53.8 
23 38.6 
17 34-2 



0.36664 
0.36825 
0.37904 



o 45P 



7 loa 

2 3P 

8 42a 

3 22P 

10 i6a 

9 la 



o 23P 

10 37a 

11 20a 

I3P 
II 46a 

5 5P 
748a 

1 I4P 
7 19a 

2 5P 

O 2Ip 

10 55a 
4 5P 



2 44P 

8 48a 
958a 
X 5op 
I i8p 



2 15.8 
2 13-7 
2 14.9 
2 24.9 



0.37858 
0.38576 



51.1 



833a 

2 20p 

9 5a 

3 4ip 

10 36a 
9 19a 



2 14.6 
2 10.5 
2 16.7 
2 06.9 

I 29.2 
I 26. S 



10 37a 
9 2ia 



9 52a 

o 25p 



10 15a 
10 56a 



9 12. 1 
10 13.1 

17 27.1 
23 11.9 
23 32-8 
20 54.4 
19 02.1 

18 21.2 
18 47.9 
23 54-4 

31 27.0 
31 36.1 
33 57-9 



0.38925 
0.38991 
0.38471 
0.37990 
0.37820 



0.38500 
0.38365 
0.38359 
0.37892 

0.36898 
0.36945 



2 41P 

4 37P 

8 37a 
7 i6a 



II r7a 

8 46a 

9 50a 
8 12a 



I 5ip 

I 29P 

6 9p 

6 42a 

9 5a 



I 32P 
10 34a 

7 24a 
10 29a 



2 0H.4 
I 36.0 



26 28.0 
26 30.6 



0.37676 



3 IP 

4 55P 

8 55a 
7 34a 



II 36a 
9 5a 
10 9a 

^ 37a 



2 37.8 
2 46.7 

2 28.6 
2 14.6 



2 01.5 
I 41.4 
o 43-9 
o -^7.6 



27 36.6 

19 46.0 
26 03.3 

30 17.4 
26 58.3 



28 21.6 

29 04.3 
32 1S.7 
32 017 



0.37623 

0.37564 

0.38353 
0.37833 

0.37578 
0.37673 



o.375»7 
0.37129 
0.^6620 

0.^()82I 



1 For previous communications, see T. ^f., v. IX, pp. 34, 135 ; v. X, p. 15, and v. XI, pp. 49, 184. 
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MICHEIv RYKATCHEW. 

General Rykatchew was born Dec. 25, 1840, | Jan. 6, 1841, at Niko- 
laevskoe (property of his mother) in the province of Jaroslave.^ Here 
he passed his childhood in the midst of a large family, his parents in- 
structing their children in science and languages. He studied for the 
Navy from 1855 to 1859; in 1857 and 1858-62 he was connected with 
the Navy first as midshipman and then as ensign. He took the aca- 
demic course in the Navy, 1862 to 1864, and was sent abroad in 1865 
principally to study the question of weather forecasting. 

Almost a year was spent at the Greenwich Observatory; under 
the instruction of Airy and Glaischer, Rykatchew was made familiar 
with the meteorological and magnetic observations made at Green- 
wich, Kew, Liverpool and other observatories and also with the weather 
forecasting by Babington of the Meteorological Department of the 
Board of Trade which was being organized after the tragic death 
of Admiral Fitz-Roy. He next visited the principal observatories of 
Europe and made comparisons between their barometers and normal 
thermometers and those of Greenwich. 

Returning to Russia Rykatchew was invited by Kamtz, Director of 
" robservatoire Physique Central *' to be his assistant and to this end, 
without leaving the Marine service, he was detailed to the Observatory 
in 1867. After the death of Kamtz, he temporarily directed the meteoro- 
logical observations at the Observatory and resumed the magnetic ob- 
servations interrupted for many years. As soon as the new Director, 
Wild, entered upon his duties in 1869, R^^katchew received the place, 
newly established, of assistant director, which he occupied until Wild's 
retirement in 1895. When the division of the " M6t^orologie Maritime" 
and of the service of forecasting of weather and of storms was estab- 
lished by the Observatory' in 1876, Rykatchew was appointed chief of 
the division. 

He was elected in 1896 a member of the "Academic Imp^riale des 
Sciences de St. Petersbourg" and director of the Observatory, which 
since its fiftieth anniversary, celebrated in 1899, has borne the name of 
** robservatoire Physique Central Nicolas". He has been a member, 
since 1868, of the ••Society Inip{!Tiale Russe de Geographic", and since 
1900 he has assisted the President of this society. He is an honorary 
member of several learned societies in Russia and abroad, is President 
of the Magnetic Commission of the International Meteorological Con- 
ference since 1905, and of the Committee on Terrestrial ^lagnetism of 
the International Association of Academies since 1907. 

iHe established a meteorological station here in 1872, the observations of which, 
made by his brother Andr^, have been published in the "Annales de rObservatoire 
Physique Central" of 1872 to 1877. 

22 
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STORMER'S WORK ON THE PHYSICS OF THE AURORA.^ 
Reviewed by P. G. NuTTiNG. 

With the recent advances in our knowledge of luminescence and elec- 
trical effects in rarified gases, hypotheses of auroral formation have 
become fewer in number and more specific in detail. The spectroscope 
and transit long ago showed that the aurora is an excitation to lumi- 
nescence of the upper portions of the Earth's atmosphere. Further 
study with the spectroscope showed that the luminescence is such as 
could be caused only by a bombardment of cathode rays, corpuscles, or 
negative electrons, whatever they may be called. If the light had been 
caused by a steady current of electricity or by an electric wave it would 
be reddish orange instead of bluish white in color and would exhibit an 
altogether different spectrum. A disruptive discharge like lightning 
would produce a yellowish white light, with still a third spectrum com- 
posed of heavy lines instead of bands. 

In order to account for the necessary cathode rays, Birkeland^in 1896 
supposed them to be emitted by the Sun much as they are emitted by 
a hot platinum wire or other heated body. Proceeding to the Earth 
with about one-third the velocity of light, these particles would be en- 
trapped by the earth's magnetic field and excite the outer atmosphere to 
luminescence. 

Birkeland, however, did not consider his theory sufficient to account 
for the known structure and variability of the aurora. In 1900 he ad- 
vanced a second theory* according to which he supposed the cathode 
rays produced within the atmosphere by other rays from the Sun. In this 
manner he obtained more unknown variables as factors in the aurora but 
left the matter in such an unsatisfactory state that three other theories 
of the aurora made their appearance. 

Arrhenius^ in 1900 supposed the necessary cathode rays to be pro- 
duced in the Earth's atmosphere by particles largfer than molecules 
emitted by the Sun and propelled by radiation pressure. Nordmann' in 
1903 advanced the theory that they were produced by electric waves 

1 Carl Stormer. Sur les trajectoires des corpuscles electrises dans I'espace sous 
Taction du magnetisme terrestre avec application aux aurores boreales. Arch. Sc. 
Phys. Geneve, July, Aug., Sept., Oct., 4 periode, v. 24, 1907, pp. 140 with 2 pi. Compt. 
Rend., 142, 1580-1583; 143, 140-142, 1906. Cf, also vol. IX, T.M, p. 149 and Carl 
Stormer : sur un probl^me relatif au mouvement des corpuscules ^lectriques dans 
I'espace cosmique, (Videnskabs-selskabets skrifter. I. Math.-maturv. Kl. 1907, 
No. 4) pp. 10, 27 1/2 X 18 1/2. Kritiania 1907. 

*K. Birkeland, Geneva Arch, des Sci.(4), i, 497, 1896. 

«K. Birkeland, Geneva Arch, des Sci. (4), 12, 478, 1901. 

<SvANTE Arrhenius, Phys. Zeit., 2, 81, 97, 1901. 

«C. NoRDMANN, J.de Ph., 3, 282, 1904. 
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from the Sun ionizing the upper atmosphere. Paulsen* later put forth 
a theory similar to the second of Birkeland's but providing for an accu- 
mulation of " auroral material ", a mixture of ionized air and cathode 
rays, produced by cathode rays and ultra violet light from the Sun. 

Finally Stormer, in the paper here under review, taking up Birke- 
land's first theory, worked out mathematically the trajectories of cathode 
rays projected into such a magnetic field as that of the Earth. He 
showed that so great is the variation in path produced by slight differ- 
ences in the velocity and original direction of such particles that Birke- 
land's simple first theory is ample to account for observed phenomena. 
A negative electron projected into a magnetic field in an equatorial 
plane, moves in a curved path the form of that described by a point on 
a circle rolling on the inside of a larger circle. The stronger the mag- 
netic field the smaller is the generating circle. Shot obliquely into a 
field, such a particle moves in a spiral path and if the field be con- 
vergent the spiral path is conical. The particle moves along the cone 
to where the field reaches a certain intensity and back again on an- 
other cone with its axis slightlj'^ displaced from the first. Stormer shows 
that in the Earth's field the trajectory is the form of a wire wound on 
a cow's horn with its apex towards a magnetic pole. 

Cathode rays would not be emitted freely at all times from all parts 
of the surface of the Sun on account of the residual positive field. We 
should expect them to break forth in limited clouds during severe elec- 
trical storms in connection with Sun spots. A small group just reach- 
ing the Earth after sunset in winter would strike the Earth's field tan- 
gentially in an oblique direction, move on a curved spiral path toward 
the north pole, reverse and move toward the south pole, again reverse 
and so on until absorbed by the atmosphere. On each trip north or 
south they would move in a different group of paths, hence the ser- 
rated structure of the simple aurora. Linear velocity and hence lu- 
minescence produced would be greatest at the north and south ends of 
the paths. The trip from north to south would occupy from about half 
a second to five seconds according to the inclination and original ve- 
locity of the rays. This would be a plausible origin of the magnetic 
fluctuations observed during the smaller but more active displays. 

More extended clouds of electrons from the Sun would produce 
draped and diffused auroras. ^lore intense displays might even be ac- 
companied by ordinary electrical conduction and hence the reddish tints 
sometimes observed. 

All things considered, the Birkeland-Stormer theory is by far the 
most satisfactory thus far advanced, both in its simplicity and in its ex- 
planation of widely varied phenomena. It is indeed the only theory 
thus far advanced that is free from radical objections. 

6 Adam Paulsen, Bull. Acad. Sci. Danemark, 2, 109, 1906. Cf. vol XII, T. M., 
p. 94. 
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IS THE EARTH'S ACTION ON A MAGNET ONLY A 

COUPLE? 

[Preliminary Report on ** Results of Careful Weighings of Magnets 
in Various Magnetic Fields."*] 

By h. A. Bauer. 

If the action of the Earth on a magnetic needle does not con- 
sist solely in a couple, then, contrary to our usual ideas, the needle 
would be subject, not only to a motion of rotation, but also to one 
of translation. Accordingly a compass needle might be caused to 
press against the supporting pivot or a dip needle exert an addi- 
tional pressure on the surfaces on which the pivots rest. In order 
to have only a couple acting on the magnet it is necessary that the 
following three conditions be fulfilled exactly : 

a. That the forces acting on the two ends or "equivalent poles" 
of a magnet be opposite. 

d. That they be equal. 

c. That they be parallel. 

The non-fulfillment of either one of these conditions will give a 
resultant force besides that of a couple. It is possible to assume 
magnetic systems acting on the needle in which even the first con- 
dition is not fulfilled, viz., that the acting forces on the two ends 
shall be opposite. And as to non-fulfillment of the second and third 
conditions, this occurs in every magnetic field not strictly homo- 
geneous or uniform. An obvious case under this head would be 
the Earth's field disturbed either artificially by the close proximity 
of iron structures or naturally by deposits near the surface aflfect- 
ing the magnetic needle. A case of a magnetic system in which 
the forces acting on the two ends of a magnetized needle are not 

1 Presented before the American Physical Society, New York, October 19, 1907 
(Abstract published in the Physical Review^ December, 1907). Also a paper on same 
subject, entitled, " The apparent alterations of the mass of a magnet as disclosed by 
weighings in various magnetic fields," was presented before the Philosophical So- 
ciety of Washington, October 26, 1907. (See Abstract, Science, November 29, 1907, 
PP- 752^54) 
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opposite but in the same direction is that due to a vertical electric 
current passing through the pivot of a compass needle. 

The earliest definite experiments on this subject are the his- 
toric ones of Robert Norman, made about 1576— over three cen- 
turies ago. Norman, it will be remembered, was the first one to 
have made a fairly accurate determination of the angle of dip of the 
needle, his value of 71° 50' for London in 1576 being the earliest 
known. He was an exceedingly painstaking instrument maker, 
gifted with an investigating, non-speculative spirit wholly uncom- 
mon for the age in which he lived. The following paragraph is 
quoted from the Encyclopaedia Britanica, Ninth Edition, Volume 
XV, article on " Magnetism ": 

** The Earth's Action on a Magnet is a Couple.— 'Sorman in his Netie 
Attractive, (chapters v and vi), discusses very acutely the question whether 
there is any force of translation exerted upon a magnet. He advances three 
conclusive experiments to prove the negative. First, he weighed several 
small pieces of steel in a delicate gold balance, and then magnetized thern^ 
but could not detect the slightest alteration in their weight, 'though every 
one of them had received vertue sufficient to lift up his fellow.' Secondly, he 
pushed a steel wire through a spherical piece of cork, and carefully pared the 
latter so that the whole sank to a certain depth in a vessel of water and 
remained there, taking up any position about the centre indiflferently. After 
the wire was magnetized very carefully, without disturbing its position in the 
cork, it sank to the same depth as before, neither more nor less, the only 
difference being that now the wire set itself persistently in a definite fixed 
direction parallel to the magnetic meridian, the north end dipping about 71° 
or 72° below the horizon. Thirdly, he arranged a magnetized needle on a 
cork so as to float on the surface of the water, and found that, although it set 
in the magnetic meridian, there was not the slightest tendency to translation 
in any direction. He concludes that there is no force of translation on the 
magnet, either vertical or horizontal. He was evidently somewhat puzzled 
how to put this result into a positive form, and his 'point respective,* as he 
calls it, is not a very clear explanation of the Earth's action. What he wanted 
was the modern idea of a 'couple,* i. e.y a pair of equal but oppositely directed 
parallel forces acting on the two ends of the needle ; but such an idea was 
not conceived in Norman's day. Gilbert adopts Norman*s result in this 
matter, adding nothing essential, reproducing even Norman*s diagram of the 
spherical cork with the wire through it.'* 

Towards the middle of the eighteenth century the question as 
to a possible motion of translation of a magnetic needle because of 
the Earth's magnetic action was revived, but no apparently decisive 
results were obtained. Accordingly Bouguer (" Figure de la terre." 
1749. Preface, p. 75) repeated the experiments at various stations 
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in South America, as also upon his return in France. He mounted 
a compass needle on a pivot at one end of a brass needle which 
itself was balanced on a pivot. Any preponderance over one an- 
other of the magnetic forces acting on the two ends of the compass 
would disclose itself by a turning of the brass needle. However, 
repeated experimentation failed to reveal any such turning. Bou- 
guer next suspended a magnetic needle which, if subject to any mo- 
tion of translation, would, in consequence, have its line of sus- 
pension drawn out from the vertical. As far as his means of 
measurement permitted (5", corresponding to a force equivalent to 
TXihr^ part of the weight of the magnet), Bouguer's observations 
failed to disclose any motion of translation. {Cf, Gehler's Physikal- 
isches Worterbuch, 1836 ; art. *' Magnetismus der Erde ")• 

I have no knowledge, at present, of any similar experiments 
with more refined means of observation. Thus according to Gray 
(''Treatise on Magnetism and Electricity," 1898, vol. I, p. 22): 

" The most careful observation can not detect any displacement of the 
magnet as a whole due to the Earth's field, while the couple acting on it is 
very sensible, as much, perhaps for a square bar 60 cms. long and i cm. in 
diameter, hung at right angles to the Earth's field-intensity, as nearly 20 
grammes weight acting at an arm of i cm., or the weight of rather more than 
a quarter of an ounce acting at an arm of i inch." 

Lord Kelvin (Popular Lectures, vol. Ill, Navigation, *' Terres- 
trial Magnetism and the Mariner's Compass," pp. 228-337) says: 

" In experiments with the terrella the needle is attracted obliquely or di- 
rectly toward the globe with a very perceptible force. This is because the 
length of the needle is so considerable in proportion to the diameter of the 
globe that the magnetic forces on the two ends are not equal and parallel. 
But the length of the longest of mariner's compass needles is not more than 
4ooo 'o o iyTr» ^^^ the length of the largest bar magnet that has ever been sus- 
pended so as to show by its movements any motive tendency it may experi- 
ence from the force of terrestrial magnetism is not more than l ooo ^ oo qir of the 
Earth's diameter, and therefore magnetic needles or bar magnets experi- 
mented on in any part of the world experience no sensible attraction toward 
or repulsion from the Earth and show only a directional tendency according 
to which a certain line of the magnet, called its magnetic axis, takes the di- 
rection of the curved lines of force." 

A discussion of the results obtained by the magnetic survey 
yacht '* Galilee " in the Pacific Ocean, led the author to the tentative 
assumption, as announced at the Spring meeting, 1907, of the 
American Physical Society, that the Earth's action on a magnet 
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might not necessarily be everywhere that of a couple. Owing to 
the non-fulfillment, for one cause or another, of the conditions 
necessary to produce an exact couple, there would be in addition a 
resultant force of translation. The cause may be a purely artificial 
one, due to some instrumental defect, e, g,y magnetic impurities in 
the metal used, or a natural one, because of lack of uniformity in 
the magnetic field at the place of observation. 

The endeavor is made on this vessel to secure each magnetic 
element — declination, dip and intensity — in two totally different 
ways, and under entirely different conditions. Thus, for example, 
the magnetic dip is determined in the usual manner with the aid of 
the regular dip needles, and secondly by the method of deflections. 
By the latter method a suspended needle is deflected from the line 
of dip with the aid of a second needle mounted at right angles to 
the axis of the suspended one. The deflections are made on both 
sides of the line of dip, so that, in a perfect instrument and pre- 
suming only a couple acting on the needle, the mean of the two 
deflected positions would be the line of dip. Should the center of 
gravity of the suspended or deflected needle not fall in the axis of 
rotation, then the mean of the two deflected positions will no longer 
correspond to the true dip, but a correction will be necessary varying 
as the cosine of the angle of the deflected positions and the amount 
of displacement of the center of gravity. 

Precisely the same effect as displacing the center of gravity is 
produced if, owing to some cause, there is not an exact couple acting 
on the suspended needle so that we have in addition a resultant 
force pulling down or lifting up one end of the needle. The effect 
is exactly the same in the two cases. Such a resultant force is 
brought about by any cause which will render the magnetic field 
surrounding the needle non-uniform. 

The "Galilee" has made comparative observations (between 
direct and deflected dip) on a number of islands in the Pacific Ocean 
which, generally being of a volcanic origin, reveal local magnetic 
disturbances. Now, if we apply the constants for the deflected dips 
determined in such places to the reduction of similar observations 
made on board ship, over the deep waters far removed from disturb- 
ing land masses, we may find that they will not fit. The same fact 
may disclose itself in the reduction of the total intensity observa- 
tions made by Lloyd's method.. It therefore became a matter of 
interest to ascertain by an independent method of investigation the 
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degree of closeness within which we may assume that the Earth's 
action on a magnet is solely that of a couple. 

Let us suppose that the want of balance in the two magnetic 
forces results solely in making unequal the vertical components of 
the Earth's magnetic force acting on the two ends of the needle. 
Assume that the vertical force acting on the north end is in excess 
of that on the south end. Then, were we to make careful weighings 
of a magnet placed vertically on the scale pan of a non-magnetic 
balance, once with the north end down and next with the north 
end up, we should find that the weight in the first instance was 
greater than in the second case. Similarly if the balancing does 
not take place in the horizontal direction so that a pressure would 
be caused on the pivot of a compass needle, then weighing a magnet 
in a horizontal position in various orientations ought to disclose 
difierences in weight. 

In order to get some idea as to the magnitude of the quantities 
that may be involved, Dr. E. T. Allen, of the Geophysical Labora- 
tory of the Carnegie Institution, at my request, and with the 
courteous consent of Dr. Arthur L. Day (Director of the Labora- 
tory), made some weighings in February, 1907, of a magnet in the 
office of the Laboratory, at that time located in the United States 
Geological Survey Building, in which a great amount of iron has 
been used in the construction. He weighed the magnet in two 
vertical positions, ^ end up, and iV^end down, and in two horizontal 
positions, N end north, and N end south. The magnet weighed 
about 33 >^ grams, and the differences in weight for the various 
positions involved amounted to about ^nri oir P^'*^' ^^^ balance was 
not entirely non-magnetic. 

I next procured from Becker, of New Rochelle, New York, an 
entirely non-magnetic analytical balance with agate knife edges and 
solid German silver scale pans. Every test thus far applied to the 
various parts of this balance has failed to reveal any impurities likely 
to have an effect on the magnet weighed. 

With this balance I have made a series of laborious weighings 
during the past summer (1907) in connection with a trip of inspec- 
tion to the ** Galilee" which arrived at Sitka on July 15th last. The 
weighings were made at Sitka, Juneau and Treadwell, Alaska; 
Victoria, British Columbia ; Baldwin, Kansas ; Cheltenham, Mary- 
land ; and Washington, D. C. 

Not knowing precisely what was to be encountered, my first en- 
deavor was to get the necessary experience in careful weighings 
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under the most varied conditions possible. I thus made weighings 
out in the open field under a tent in apparently undisturbed fields 
of force as well as in disturbed ones due to known iron ore de- 
posits, as also inside buildings under artificially disturbed con- 
ditions. Up to my return to Washington (September 15, 1907) I 
confined myself to weighings of magnet in four positions, two hori- 
zontal ones (^end north and ^end south) and two vertical ones 
{N end up and N end down). The weighings were always made 
in both scale pans and according to the most approved methods, so 
that an absolute determination of the weight resulted ; that is to 
say, the inequality of the arms of the beam and other possible 
errors were invariably eliminated — precautions highly essential be- 
cause of the repeated new mountings of balance and the fluctuat- 
ing temperature conditions encountered inside a tent. The 
weighings were arranged to eliminate zero of scale and beam 
inequality between the various positions of magnet as quickly 
as possible. The same set of weights was used throughout, in- 
clusive of rider, and the endeavor also made to confine the rider 
to the same part of the beam so as to eliminate possible errors 
of graduation. 

Excluding the observations at Treadwell Point, Alaska, where 
exists a *' Local Magnetic Pole," the net result was that, on the 
average, at each station from Sitka to Washington, the weight for 
N end of magnetic north was less than for N end south by nearly 
0.03 of a milligram, or about ^ui^Ji^oo P^^^ ^^ ^^ weight of the 
magnet. Small as the quantity appears, it was rather remarkable 
that it was so systematically disclosed by the weighings. The 
average differences in the weighings for the two vertical positions 
was of about the same order of magnitude, but not invariably of 
the same sign. A summary of the results will be found in Table I, 
both for natural and artificial fields. 

Coming now to the greatly disturbed field prevailing at Tread- 
well, Douglas Island, Alaska, the differences are of a higher and 
perfectly tangible order of magnitude. Ships' compasses ^ mile 
distant from this place are deflected about ^^ point (8°). The dip 
varies all the way from 75° to 90° within a very limited region, and 
the compass needle will reverse its direction at two points, 2 feet 
apart, and both about 5 feet above the rocks. The total force 
reaches a value 0.75 c.g.s. A future paper will give a fuller ac- 
count of this interesting region. 
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Tabi,e I. Summary of Resui^ts op Weighings of Magnet i L. 

[M = 33.62 grams -f mmgs.] 

A. Natural Magnetic Fields. 

Instrument: Becker Non-Magnetic. Analytical Balance. Observer: L. A. Bauer. 







Dat?, 1907 


'•N"endMa|rnet 


N S 


U D 


Mean 


N— S 


U-D 




No. Station 


N 


S 


Up 


Dovtt 


Remarks 


1 


vlUg'e) 


(Htg'c) 














mmgs. 


mmgs. 


mmgi. 


mmgs. 


mmgt. 


mm^ 


mmgs. 


mmgs. mmgs. 




I 


Sitka. . . . 


Aug. 7, 8 


9.178 


9.208 9.158 9.172 


9.T92 


9-165 


9.179 


—.030— .014 Mag*c Obs'y. 


2 


Treadwell, . 


Aug. 16 


8.865 


8.9348.7899.041 


8.899 


8.915 


8.907 


—.070 —.252 Local Hag. Pole. 

1 1 


3 


Victoria. . . 


Aug. 28 


■S.822 


8.8528.8588.792 


8.837 


8.825 


8.831 


1 
—.030 t-.o66 Tent. 


4 


Baldwin, . . 


Sept. 10, II 


8.770 


8.7738.7878.773 


8.776 


8.780 


8.778 


—.003! f .014 


Mag'c Obs'y. 


5 


Washington 


Sept. 24, 28 


8.448 


8.490,8.508 


8.508 


8.469 


8.508 


8.488 


1 

— .042 zb.OOO 

1 


Tent. 




Mean of all, 
Mean Ex. No. 2, 










—.035 
— .026 


1 '- M 








1 1,000,000 ^'^ 











B. Artificially Disturbed Magnetic Fields. 



2A 

2 B 
3A 
5A 



Juneau, . . 
Juneau, . . 
Victoria, . . 
Washington 



Aug. 19 
Aug. 21 
Aug. 29 
Sept. 18-28 



8.878 
8.657 


8.875 

8.462 


8.885 
8.860 
8.850 
8.600 


8.882 
8.810 
8.780 
8.490, 


8.876 
S.559 


8.884 
8.835 

8.545 


8.880 
8.552 


-I-.003 
+.199 


f.003 
+.050 
-f.070 
+.110 



Parlor, Occidental 

Hotel (Frame.) 
Back Parlor, 

Occid'nt'l Hotel 
Dominion Hotel 

(Brick.) 
Ontario Apt 122. 

(Iron & Stone 

Structure.) 
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Tabi^b II. Results of Weighings with Magnet XL in Vicinity of 
LocAi, Magnetic North Poi^e at Treadwei.1, Point, Ai<aska. 

[M = 33.62 grams + mmgs.] 

Instrument : Becker Non-Magnetic Analytical Balance. Date : August 16, 
1907. Observer: L.A.Bauer. 



North 

AM/4 




Station 


Mean 


end 
Magnet 


P^ 


p\ 


Pn 


P\. 


N (Mag'c) . 

S (Mag'c) . 
Up 




mmgs. 
8.920 

8.905 

8.770 

9.050 


mmgs. 
8.885 

8.820 

8.795 

9075 


mmgs. 
8.900 

9.005 

8.900 

8.970 


mmgs* 
8.755 

9.005 
8.690 
9.070 


mmgs. 
8.865 

8.934 
8.789 
9.041 


^r 

Down . . . 








N— S . . . 




+.015 

—.280 

8.912 

8.910 


+.065 

-.280 

8.852 

8.935 


—.105 

—.070 

8.952 

8.935 


—.250 

-.380 

8.880 

8.880 


—.070 

—.252 

8.899 

8.915 


Up — Down . 
Mean N & S 
Mean U & D 





N. B. — At these stations directions '* N." or "5.", because of vicinity to 
Local Magnetic North Pole are more or less uncertain. 

It will be seen that the diflferences ( A^ — S) for the two horizontal 
positions vary from +0.065 mmg (3^17^001^ /^) to — 0.250 mmg 
(iWooi^ i^/). The four points of observation, /*,, P\, P^^, P\^ were 
within a few feet of each other and of the point of vertical dip, 
hence the directions of the north end of magnet, -A^ or S, were more 
or less uncertain ; the variation in sign of the differences (^N- — 5") 
may thus be fully accounted for. 

Coming to the differences ( V — D) in the weighings for the two 
vertical positions, we find that the sign is negative throughout; 
i, e,, weight of magnet for N end down is invariably greater by a 
quantity varying from 0.07 mmg (tso^odt) ^^) to 0.38 mmg 

Hence in an intensely magnetically disturbed regio7i differences in 
the weight of a magnet for various orientations may result approach- 
ing v^h^^P^^^ of^^^ 'height. 
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In the course of this investigation I was led to make some ex- 
periments with regard to the first question which concerned Nor- 
man — whether magnetization altered the weight, or say mass, of a 
magnetizable substance. As I have not had the leisure to bring the 
experiments to a conclusion on this point, the present results should 
be regarded merely as preliminary to a more serious undertaking. 
They are herewith given primarily with the view of inciting experi- 
mentation on the part of others. I shall be greatly obliged if any 
one will bring to my attention auy past experiments on this point 
other than those of Norman, as also any future experiments. 

The experiments were performed on two magnets : Dip Needle 
No. 5 and Hollow Octagonal Magnet 2 L (not same as used in 
previous weighings). Each was alternately magnetized and demag- 
netized, and weighed in the orientations shown in Table III. N, S, 
E, IV, are magnetic directions; the weighings were made inside a 
building in which considerable structural iron occurs, and where, in 
consequence, the magnetic field was not uniform. 

Note that for the demagnetized or weak magnetic condition of 
both magnets the weighings for each orientation differ only in the 
hundredths of a milligram (enabling one to get some idea of the ac- 
curacy of the weighings); the mean results NS and EW for Needle 
No. 5, or NS and UD of Magnet 2 L diflfer only in the thousandths 
of a mmg. 

Pass now to the second part of each table — giving the results 
for the intense magnetizations of the magnets. It will now be seen 
that the results for the various orientations differ in the o.i mmg., 
thus showing in an interesting manner, indeed, the non-uniformity 
of the surrounding magnetic field. 

As far as these experiments go, it will be noticed that for each 
magnet there is an apparent increase in the mass of the magnet with 
magnetization approaching the order of unriTroir pO'^l* However, it 
should again be emphasized that further experimentation is requisite 
before a perfectly safe conclusion may be drawn. The question depends 
upon how completely the effects due to non-uriiform magnetic fields at 
the place of investigation are eliminated i?t the mean result. 

All of the observations up to this point have shown that in a 
non-uniform field — whether this arises from artificial or natural 
causes — the mean weight for any two orientations of magnet 1 80° 
apart will differ from that of two other positions, likewise 180° 
apart, by an appreciable quantity which repeats itself with repeti- 
5 
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Table III. Does Magnetization Alter Mass? 

[Results of some Experiments at Office Department Terrestrial Magnetism, Washington, D. C] 

Instrument: Becker Non-Magnetic Analytical Balance. Observer: L. A. Bauer. 

A. Dip Needle No. 5, ofD. C. 177. 
IM = 3.89 g 4- mmgs.] 









North end Magne 


t 










No. 


Date, 1907 


N 


S 


E 


W 


N S 


E W 


Mean 


Remarks 






mmgs. 


mmgs. 


mmgs. 


mmgs. 


mmgs. 


mmgs. 


mmgs. 




I 


Sept. 21 


2.645 


2.615 


2.625 


2.630 


2.630 


2.628 


2.629 






3 
5 


Sept 21 
Sept 25 


35 
20 


30 
30 


40 
40 


25 

40 


32 
25 


32 

40 


32 
32 




> Weak Magnet 


6 


Sept 26 


50 


60 


40 


30 


55 


35 


45 






I 


Mean 


2.638 


2.634 


2.636 


2.631 


2.636 


2.634 


2.6345 




2 


Sept 21 


2.675 


2.575 


2.690 


2.590 


2.625 


2.640 


2.632 


^ 


4 
7 


Sept. 25 
Sept 26 


.735 
.685 


.595 
.625 


.675 
.675 


.595 
.590 


65 
55 


35 
32 


50 
44 


• Strong Maguet 


8 


Sept. 26 


.680 


■585 


.690 


.575 


32 


32 


32 


' 


II 


Mean 


2.694 
—.056 


2.595 
-I-.039 


2.682 
—.046 


2.588 
+.043 


2.644 


2.635 


2.6395 




D 


iff. I-II 


-.008 


—.001 


- .0050 = ^^j^ part of M, 



B. Octagonal Magnet 2L. 
[A/ = 33.24 g -f mmgs] 





Date, 1907 


North end of Magnet 


N S 


U D 


Mean 




No. 


N 


s 


U 


D 


Remarks 


2 

3 

4 


Sept. 27 
Sept. 27 
Sept 28 


mmgs. 
8.060 

■"5 
.130 


mmgs. 
8.045 

.085 
.120 


mmgs. 
8.080 

■095 
.140 


mmgs. 

8.020 

.090 

."5 


mmgs. 

8,052 

.100 

.125 


mmgs. 
8.050 

.092 

.128 


mmgs. 
8.051 

.096 

.126 


I Weak Magnet 


III 


Mean 


8.102 


8.083 


8.105 


8.075 


8.092 


8.090 


8.0910 




I 

5 


Sept 27 
Sept. 28 


8.175 
.275 


8.035 
.115 


8. 1 10 
.195 


8.020 1 
.110 


8.105 
•195 


8.065 
•152 


8.085 
.174 


Strong Magnet 


IV 


Mean 


8.225 


8.075 


8.152 


8.065 


8.150 


8.108 


8.1295 




DiflF. III-IV 


—.123 


+.008 


—.047 


-f .010 


—.048 


—.018 


—.0285 ■ 


= riTiinnr part of M. 
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tion of experiment. Hence, reversal of magnet does not eliminate the 
effect measured. It is therefore important to know how many 
orientations are actually necessary so that the mean of all will 
give the weight within the probable error of careful weighings. I 
have accordingly extended the investigations to embrace at least 
8 equidistant orientations of magnet in the horizontal plane besides 
the two in the vertical plane, and will ultimately take even more. 
The balance is, furthermore, mounted on the base of a theodolite 
in order that the various parts of balance may be orientated differ- 
ently with reference to the magnet so as to eliminate, in every pos- 
sible manner, any disturbing effects of the balance itself. Thus, 
like a ship, both magnet and balance are "swung" to eliminate or 
determine deviation errors. Glass scale pans, in addition to the 
original solid German silver ones, have also been used. Observa- 
tions have been made both at Washington, D. C, and at the Coast 
and Geodetic Survey Magnetic Observatory, Cheltenham, Mary- 
land — a region of comparatively little local disturbance. The re- 
sults thus far obtained have been of suflScient interest to warrant 
a continuation utilizing furthermore other experimental means 
than the balance method here employed. 

For the two stations, Washington and Cheltenham, the range in 
the results of the observations made September and October, 1907, 
for the various orientations of magnet was about 0.05 mmg. {^^ ^Vo 
part of weight of magnet). A systematic curve of differences or 
residuals from the mean weight, for the eight horizontal orienta- 
tions of magnet, resulted — somewhat similar to the deviation curves 
which represent the effect on the compass of the iron on board a 
vessel. Two waves df about the same amplitude were clearly dis- 
cernible — a semi-circular one and a quadrantal one — the latter 
apparently associated with the inductive effect of the Earth on the 
magnet in its various positions. It is on account of the presence of 
this quadrantal term, that reversal of magnet does not eliminate the 
effect on the weight due to the outstanding residual magnetic force 
of translation. 
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PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHEI^ 
TENHAM MAGNETIC OBSERVATORY. 

October i — Decbmbbr 31. 1907. 



Greenwich Mean Time 




Range 


Begrinning 


Ruding 




D 


H 


z 




A m 




h 


f 


y 


y 


October 13, 


7 43 


October 17, 


I 


29.7 


148 


•^ 


October 21, 


20 07 


October 23, 


7 


17.5 


94 


November 3, 


6 45 


November 4, 


9 


13-4 


114 


100 


November 10, 


3 39 


November 12, 


14 


14.4 


109 


59 


November 21, 


10 43 


November 22, 


14 


21.5 


145 


71 


December 10, 


17 07 


December 13, 


13 


17-5 


88 


37 



J. E. BuRBANK, Observer-in-Charge. 
O. H. TiTTMANN, Superintendent Coast and Geodetic Survey. 



THE MAGNETIC CHARACTER OF THE YEAR 1906. 
By E. van Everdingen. 

The first annual review of the "Caractdre magn^tique de chaque 
jour", published on behalf of the International Magnetic Commission by 
the Dutch Meteorological Institute (see " Terrestrial Magnetism'\ v. X, 
p. 1 17 and V. XII, p. 183) has appeared. 

An introduction states that the number of observatories partaking in 
this work increased during 1906 from 15 to 35; complete data are 
available for 30 observatories. 

The meeting of the Magnetic Commission at Innsbruck did not indi- 
cate the limits of the classes (o, i and 2) for the magnetic character, leav- 
ing it to each individual director to choose his method of classification. 

For 22 observatories these methods are briefly described ; a small 
table shows where magnitude, where number or duration of the dis- 
turbances are taken into account and where the classification after 
Eschenhagen has been adapted to the new scale. 

Table I gives for each day the frequency of the numbers o, i and 2, 
and the sum of these characteristic numbers for the 30 observatories, 
followed by the corresponding sum for the whole month. 

Table II, which is reprinted here, exhibits the mean character for 
each day, obtained by dividing the sums of Table I by 30 ; the latter 
numbers are also graphically represented in the original publication. 

Lastly the "five calm days" for each month are reprinted from the 
quarterly publications. 
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ABSTRACTS AND REVIEWS 



recent papers in atmospheric electricity and 

radioactivity: kurz, eve, strutt, eve and 

Mcintosh, and dadourian. 

Abstracted by W. W. Strong. 

I. The Influence of the Presence of Radioactive Deposits upon Atmos- 
pheric Electricity Measurements} 

When bodies charged negatively are exposed to the air an active 
deposit of radium and thorium products is formed upon them. If the wire 
is uncharged the deposit consists mainly of radium A and upon a 
positively charged body no active deposit is formed. By qualitative 
and quantitative measurements Kurz shows that this active deposit is 
formed on the negatively charged dispersion bodies used in atmospheric 
electricity measurements when saturation currents are used. When 
** free" currents {i. e., when the number of ions drawn to the electrodes 
is small compared with the number of ions generated), are used, the 
effect of any active deposit is small. 

In the Elster-Geitel dispersion apparatus, the value of fl— , the 
coefficient of dispersion for a negatively charged body, as ordinarily 
measured is too large, since not only do negative ions dissipate the 
charge on the dispersion cylinder, but the active deposit which is formed 
upon it also produces ionization. The value found for a^ is not subject 
to this correction. 

The ratio q = ""is then too large. Examples are given to show that 

on the ocean or near the sea coast the experimental values of a— and a^ 
are nearly equal, whereas inland and at high elevations where the radio- 
active content of the air is known to be larger, the values of a_ and a^ 
differ greatly. 

In a Gerdien aspiration apparatus, the value for the specific conduct- 
ivity is X = Xn + ^> . where X„ = e «« Vn, « being the charge on an ion, vn 
the specific velocity of the negative ions in cms./ sec. in a field of 
I volt/cm., and «« the number of negative ions and \p = enpvp, where the 
p's denote similar quantities for the positive ions. The measured value 

I Karl Kurz: DieBeinflussungderErgebnisseluftelektrischerMessungen, durch 
die radioactiven Stoffe der Atmosphare ; Dissertation. Giessen 1907 ; Ann der Phys. 
IV, 24, S90-930, 1907. 
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for X is too large, but under normal conditions this error is small. It is 
shown that vn fin = vpnp. 

Ebert's apparatus is used to measure the amount of free electrostatic 
charges {E^ and E^) per cubic meter of air. The radioactive deposit 
increases the value of £4., and quantitative measurements by Kurz and 

Kohlrausch give values from 4 to 8 per cent too large, q = -=r^ repre- 
ss — 

senting the unipolarity of the air, is therefore too large also. The Ebert 
instrument used with a Masseschen condenser gives the specific ionic 
velocity and the effect of a radioactive deposit is to make this velocity for 
the positive ion too small. 

The method of Schering (Dissertation, Gottingen, 1904) for measur- 
ing a^ and a- is not subject to any effects due to radioactive deposits. 
By this method the values of a— and a^ come out equal. 

A quantitative determination * is given for the effect of a radioactive 
deposit in increasing the rate of dispersion of a negatively charged 
electrode. At the beginning of the exposure the dispersion will be due 
entirely to ions present about the dispersion body (d). The dispersion 
will gradually increase then until the value at the end of the observation 
is {d -f- a). Using the decay curves given by H. W. Schmidt for an 
uncharged wire exposed in radium emanation Kurz is able to get the 
average value of the dispersion curve between d and d -{- a. By this 
method he is able to give a table where the values for the ionization at 
the close of the exposure and the average values of the ionization is given 
for different durations of activating the dispersion body. 

By means of Ebert's aspiration apparatus Kurz determines the 
amount of active deposit formed upon the inner cylinder, and knowing 
the volume of air drawn over the dispersion body, he is able to determine 
the amount of radioactive material in the air. In this determination the 
effect of any penetrating radiation is lost. At Giessen he finds that the 
radioactive material in the air produces an ionization which gives a 
saturation current of 7.16 x 10— 5 electrostatic units per cubic meter of air. 

II. On the Amount of Radium Emanation in the Atmosphere near the 

Earth's Surface? 

It is very important to estimate the amount of radium emanation in 
the air in terms of the quantity of radium required to keep the supply 
constant. Previous results with activated wires gave the amount of the 
active deposit present. Now a considerable amount of this active deposit 
may be lodged on the *' large " ions of Langevin, and as these possess a 
small mobility, they would be with difficulty removed by an electric field. 
It results from this and other reasons that the active deposit on a charged 

2 Kurz: Dissertation. Also Phys. Zeit., March 15, 1908. 
'A. S. Eve : Phil. Mag., p. 724, Dec, 1907. 
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wire fluctuates greatly in magnitude. To overcome these obstacles Eve 
makes use of the property of charcoal prepared from fresh cocoanuts to 
absorb radioactive emanations. 

It was found early in the work that the proportion of emanation 
absorbed was a function of the speed of the air passing through the 
charcoal. In the third experiment three glass tubes of charcoal were 
used, 25 cms. long and 2 cms. in diameter, each containing 50 grms. of 
freshly prepared charcoal. Two of these were in parallel, and the third in 
series with the air current. The air previously dried was passed at a uni- 
form speed of 6.7 cu. cms. sec. for a period of 2.7 days. The tubes were 
then heated thoroughly, the gases expelled were collected in vessels 
over water, and afterwards the emanation present was determined by an 
electroscope. Air bubbled from standard solutions of radium was used 
to calibrate the charcoal in the tubes. The results obtained are as 
follows, and give the amount of radium necessary to generate the ema- 
nation per cubic meter of air present near the earth's surface at Montreal : 



In 1906 by the active deposit method, 
Feb. and March, 1907, using 21 grms. charcoal 
May " " 660 " 

July and August, " " 150 " 



82 X 10—" grms. radium. 
24 " " " 

35 " 
127 " " 



The active deposit on wires during July was normal and the ioniza- 
tion was not large. 

III. The Radium Content of Various Rocks and Sea Water. 

In 1906 Strutt^ made a very careful determination of the radium con- 
tent of specimens of rocks varying widely as to geographical distribution 
and geological age. Applying a correction depending on the ratio of 
the amount of radium associatad with uranium, the following are Strutt's 
results : 

irenge ndiam content p«r Huge of oontont fur the 

Rocks gram of rook Tvions spodnfliu 

28 Igneous rocks 1.7 X ich* » grams radium .30 to 4.78 X 10-^ * g^ms. 

16 Sedimentary Rocks i.i X lo-^* " ** .26 to 2.92 X 10-** " 

As Strutt did not analyze any specimens from the New World, A. S. 
Eve* has extended the work to cover American rocks also. The rocks 
were dissolved, the solution after standing about a week was then boiled, 
and the emanation expelled was then measured. Most of the rocks were 
found near Montreal. 

4 Strutt : Proc. Roy. Soc. Series A, vol. LXXVII, May 14, 1906, p. 472. 
*EvE AND McIntosh: Phil. Mag., p. 231, Aug., 1907. The amount of radium 
present in typical rocks in the immediate neighborhood of Montreal. 
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Roek 


Grams of ndiom p«r 
gram of nek 


Trenton Limestone, 


.91 X 


IO-" 


4 Igneous Clay, 
Boulder Clay, 
Leda Clay, 
Saxicava Sand, 


2.16 
.80 
.78 
.16 





1.3 X IO-'2 

On account of the shortness of the decay period of radium in order 
to explain its wide distribution it is necessary to assume that uranium is 
is also present in the rocks, and it is from this uranium that radium is 
derived. If uranium is thus universally distributed, then the ocean water 
and sea salt should contain very considerable quantities of it and of 
radium. Until about a year ago, all determinations of the radium content 
of sea salt and sea water showed this to be extremely small. For this 
reason J. Joly ^ put forth the theory that radium may be of extra-terres- 
trial origin, and that there is not always uranium present in the rocks 
with radium. The wide distribution of radium would be in accord with 
this view. If this theory is true it would be of the utmost importance 
concerning questions of atmospheric potential. If the radium comes 
largely from space it would mean that there is a strong radiation in space 
and that this would ionize the upper layers of the atmosphere. 

I J. Joly^ has recently made a radium determination of various samples 
of sea water, and finds a larger value than previous work had indicated. 
He used the same method as Strutt. 

Average of 5 samples taken near the coast of Ireland between March 
and June, 1907 is .0344 x 10— »2 grms. 

Ocean Water 

iTonge ndiam content 
Latitude Longitada Dat« peronbiocm 

32.58^ N 16.20^ W Nov. 4 .0169 X 10—" 

5 -0147 



35-34 N 15.19 W 

37.34 N 13.56 W 

40.39 N 12.16 W 
44.03 N 10,21 W 

10.40 N 58.00 E 



6 .0115 

7 .0282 

8 .0146 
25 .0278 



Over a fluid medium the emanation could be derived from consider- 
able distances below the surface, both by convection currents in the 
water and by air becoming mixed up with the water and then freed again. 
The latter process would be similar to that used in extracting the ema- 
nation from liquids by bubbling air through them. In this way the 

«J. Joly: Nature, pp. 294, 341, Vol. 75, 1907; pp. 8, 55, Vol. 76. 
^ J. Joly : Phil. Mag^., p. 385, March, 1908. The radioactivity of sea water. 
6 
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atmosphere over the ocean might draw upon considerable dapths of 
water for supplies of emanation. The considerable amounts of tadiuta 
contained in deep sea sediments, even from central parts of the ocean, 
suggests that much of the uranium reaches the sea in solution or In fine 
suspension, and ultimately finds a resting place among the oozes tvery- 
where collecting. 

IV. Oji the Constituents of Atmospheric Radioactivity.^ * 

In this paper Dadourian finds that for fresh ground air in New HaVen, 
the active deposit formed on a negatively charged wire exposed for three 
hours is 5% of its initial activity. Wires 7 m. from the ground expoled 
for four days show that 20 to 309^ of the total initial ionization is due to 
thorium. He concludes that at New Haven the amount of radium enlfi- 
nation is from 30,000 to 50,000 times- as great as the amount Of 
thorium emanation. 

/ohfts Hopkins University, 

Baltimore, Maryland. 



THE TENTH EDITION OF MUIylyER-POUILLET'S PHYSICS. 
(Vols II and III.)i 

The two volumes now before us confirm the general impression of the 
new edition gained from the first volume. The same high standard of excel- 
lence is maintained, marred, unfortunately, by the same laxness in indexing 
and in cross-references, matters of so much importance in any text-book. 
The portion contributed by Dr. Drucker may, however, be excepted from 
this criticism. 

The fact that Volume II has again been edited by Professor Lummer is 
sufiicient guarantee of its excellence. A number of changes in the order of 
topics have been made, and several portions are entirely rewritten. Several 
pages are devoted to anomalous dispersion, in which, however, too little is 
said about Wood's recent work. The chapters on radiation and on spectrum 
analysis are largely new, the former including the section on heat radiation 
which in former editions appeared in the volume on heat These chapters, by 
one who is a leading authority on the subject of radiation, are exceedingly 
well written, and it is in them that one finds the most striking evidences of 
the great advances which have been made in optics during the last ten years. 

The chapter on the eye has received important additions, though one 
looks in vain for an adequate treatment of visual astigmatism. 

8H. M. Dadourian : Am. Jour, of Science, Apr., 1908. 

1 Miiller-Pouillet's Lehrbuch der Physik und Meteorologie, loth edition, revised 
and enlarged, in four volumes. Edited by Leop. Pfaundler, Professor of Physics at 
the University of Graz. Second Volume, First Part, Radiant Energy (Optics), pp. 
xxii+880. Third Volume, Heat, Chemical Physics, Thermodynamics and Meteor- 
ology, pp. xiv-f923. Braunschweig, Vieweg, 1907. (For review of Vol. I see this 
journal for December, 1907, p. 185,) 
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In general, r«cent progress in optics, especially on the instrumental side, 
has been well dealt with. Thus the ultra-microscope, the epidiascope, the 
spectrobolometer, and the Lummer-Gehrke interference spectroscope are all 
newcomers, to make room for which certain paragraphs of waning importance 
in the old edition have been omitted. Here and there an archaism has still 
been allowed to remain, such as a reference to the Bunsen cell, instead of 
some more modern source of electric current. 

In criticising any book, it is always easy for the critic to name many sub- 
jects which, in his opinion, ought not to have been omitted. While this is 
largely a matter of taste, still the present critic can not but call attention to 
the lack of mention of the work of Nichols and Merritt on fluorescence, and 
of Wood and Ives in color photography. 

The second part of this volume, on reflection, polarimetry, the optics of 
crystals, and the electromagnetic theory of light, is still to appear. 

In Volume IV the chief changes are in the chapters on chemical physics 
and meteorology, which are entirely rewritten. The chapters on thermometry 
and calorimetry are revised by Professor Pfaundler, those on chemical physics 
by Dr. K. Drucker, on thenno-dynamics by Dr. A. Wassmuth, and on meteor- 
ology by Dr. Jul. Hann. 

The newly-written portions of the work are very excellent, and the whole 
has been reasonably brought down to date. The critic would have preferred 
to see more space devoted to the electrical measurement of temperatures, 
leaving out, perhaps, certain other parts of the book, which are of only his- 
torical value. On the practical side, it is to be regretted that the gasolene and 
alcohol engine, the steam injector, and the use of superheated steam have 
been so neglected. 

One unfortunate result of the co-operation of so many contributors is 
seen in the value of the absolute zero of temperature, which is given by 
Pfaundler as — 272°.5, while Drucker has — 273**. The feelings of the reader 
who is perplexed at the way in which tables of physical constants are scat- 
tered throughout the book will not be soothed when he finds a lack of agree- 
ment between the values of the fixed points as stated on different pages. 

In Dr. Hann's contribution one finds a good summary of the essentials 
of meteorology. Many facts and principles would, nevertheless, have been 
more clearly brought out by the use of curves or diagrams. We find hardly 
anything on the use of kites in meteorology, and nothing on Rotch's work. 

In conclusion, one is tempted to ask, considering the amount of promi- 
nence which in all editions of this work has been attached to the physics of 
the atmosphere, why no more space is devoted to other equally instructive 
and important branches of geophysics? W. G. Cady. 

Wesleyan University, Middletown, Conn. 
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MAGNETIC DECLINATION AND LATITUDE OBSERVA- 
TIONS IN THE BERMUDAS.' 

By J. F. CoLB. 

At the wish of Prof. E. L. Mark, Director of the Bermuda 
Biological Station, the writer spent the three weeks from March 27 
to April 17, 1905, in Bermuda for the purpose of making first, a gen- 
eral- investigation of the distribution of the magnetic declination in 
the Islands, and second, a determination of the latitude at some 
station. Climatic conditions at that time of the year were very 
favorable for completion of the necessary work in a short space of 
time. Thanks are due to Mr. Goodwin Gosling, of Bermuda, for 
providing a horse and buggy and also charts of the Islands. Most 
of the instruments were the property of the writer. 

Part One 

Magnetic Declination 

In 1873 observations for magnetic elements were made at Bur- 
muda by members of the Challenger expedition. Intensity obser- 
vations were obtained at seven, inclination at ten, and declination 
at seventeen stations. The results of the observations for declina- 
tion are perhaps the most interesting, from a practical point of 
view, and remarks will be confined to this element. The Challenger 
was swung for a normal value of the declination fifteen miles south 
of the Dockyard at Ireland Island. The normal was found to be 
7° 18' west. The values for the declination at different parts of the 
islands, determined by the Challeriger Expedition, show the pres- 
ence of sources of considerable local disturbance. 

1 Contributions from the Bermuda Biological Station for Research, No.-ht / 3 
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Previous to 1873 various other determinations of declination 
had been recorded. 

The results of the Challenger observations for declination were 
of such interest that arrangements were made by Prof. Mark for a 
series of observations for declination, which, though carried out 
only to tenths of degrees, should be of sufficient number and of 
even enough distribution to give a better idea of the general direc- 
tion of the compass needle over the Islands. 

Naturally, from the method employed and the instruments 
available, no precision was to be expected from separate observa- 
tions. Still, it was thought that in a place where declinations 
varied several degrees each way from the normal, a greater number 
of rough observations, sufficiently well distributed over the Islands, 
would be of more value and interest than a few determinations 
made with precise instruments. No means were available for 
getting observations for intensity or dip. A complete investigation 
involving the three magnetic elements would be of great interest.' 

The equipment for getting the observations was of the simplest 
nature. The watch was a Waltham " Riverside," the errors of 
which were obtained frequently by observations with the sextant 
and artificial horizon. The time observations were usually taken 
in the morning before setting out with the compass. The method 
was that of " Time by Single Altitudes." Generally five to seven 
altitudes were observed. The eccentricity of the sextant was 
known from previous testing, so that the time observations are be- 
lieved to be correct to one or two seconds — which was sufficient 
for the accuracy to be obtained by shadow observations with a 
compass. Corrections of the watch were reduced to Ireland Island 
Mean Time, that of the meridian 4** 19"' i8' west of Greenwich. 

The compass was the usual type of azimuth compass by Gurley 
provided with folding sight vanes, a needle of 4^ inches length, 
and two plate levels; the circle was divided to half degrees. Fig. i 
shows cross section of the compass to half scale. The errors of the 
instrument will be considered later. 

The azimuth observations were recorded in a note book 
together with the time and a brief description of the locality. 
The points were generally situated on or near roads, so that the 

^In July and August, 1907, Prof. H. W. Fisk, magnetic observer of the Depart- 
ment Terrestrial Magnetism of the Carnegie Institution of Washington, determined 
the three magnetic elements at 45 stations besides dips and intensities at 27 auxiliary 
stations.— [Ed.] 
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identification was easily made with the help of the ordinance maps 
of the islands. Where possible, stations, somewhat uncertain, were 
further identified by bearings of known marks, as islands or light- 
houses. The large ordnance maps, on a scale of six inches to the 
mile, which were furnished by Mr. Gosling, were of the greatest 
assistance in locating positions. These show the contours, eleva- 
tions, bench marks, and practically all roads, paths, and buildings. 
All the stations, at which the azimuth observations were obtained, 
are shown on the accompanying map, Fig. 2. The positions were 
plotted by co-ordinates taken from the small ordnance map, which, 
as will be shown later gave latitude 16" too small. 

Care was taken to avoid, as far as possible, proximity to build- 
ings, telegraph wires, iron fences, and other sources of possible 




Fig. I. Cross Section of Compass Used, {yz size.) 

disturbance. The procedure in getting a bearing of the Sun was, 
after leveling to bring the bright line of sunlight, falling through 
the narrow slit in the lower part of the one vane (L, Fig. i) into 
coincidence with the north and south line of the compass plate. 
The watch time of the coincidence was recorded. As the compass 
had no slow motion in azimuth it was found best to set the beam 
of light a little in advance of the position for coincidence so that 
the diurnal motion of the Sun would bring it to the north and south 
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line without any handling of the compass. The needle was cen- 
tered so accurately that it was found unnecessary to record the 
circle readings for both ends of the needle. Any diflference no- 
ticed — it never amounted to over one-tenth of a degree — was 
allowed for mentally. As a rule, though, no splitting of tenths was 
practicable. 

Disregarding the errors which will be considered later, the com- 
pass reading is the magnetic bearing of the Sun's center The watch 
times, corrected for error, are the Ireland Island mean times of the 
observations. These were reduced to the local mean time at the 
diflferent stations by applying, with proper sign, the difference of 
longitude in time taken from the chart between the Ireland Island 
Meridian and that of the station. The local times of each sight 
were then reduced to apparent times by the equation of time. 

From these data— apparent time, latitude, and declination — the 
corresponding true bearing of Sun was found from Burdwood's 
Azimuth Tables. The three interpolations necessary were ren- 
dered easier by tables, constructed for the occasion, giving the tab- 
ular diflferences in declination, latitude, and time. From these tab- 
ular diflferences the interpolations were made either mentally or by 
slide rule. 

Some bearings were obtained with Sun higher than 60°. They 
were computed by the formulae: 

tan -Y== sin Z? sec 5 ctn J^/, 
tan y= cos D esc 5" ctn ^/, 
KTAm\xih=^X-\'Y (reckoned from the north); 

where 5 is the half sum of the latitude and declination of the Sun ; 
D is half the difference of the same two quantities; / is the hour 
angle of the Sun or the apparent time. The magnetic declination 
is the difference between the true bearing of the Sun and the com- 
pass bearing corrected for various errors. 

In the following sample tabulation of one day's observations are 
given first the station number, the watch time, the compass read- 
ing, the computed magnetic declination, the approximate altitude 
of the Sun taken from a celestial globe, and in the last column the 
magnetic declination, corrected for errors which were found to 
depend upon the altitude of the Sun. These instrumental errors 
will be considered later. 



Digitized by 



Google 



MAGNETIC DECLINATIONS BERMUDAS 



53 



station 
Date number 

April I, 1905, 93 
94 
95 
96 
97 
98 
99 
100 

lOI 

102 

103 
104 

105 
106 
107 
108 
109 
no 
III 

112 
113 

114 

115 
116 
117 
118 
119 
120 



Watch 

time 

h m s 

9 12 25 

9 17 42 

9 22 50 

II 19 45 

II 26 55 

II 42 30 

11 51 05 

12 01 20 



Compass 
reading 



2 43 50 
2 49 55 

2 54 35 

3 00 55 
3 07 20 
3 14 08 

19 55 
25 18 
30 55 
39 20 
48 15 

3 53 40 

4 30 40 
4 37 00 

4 44 10 
4 49 25 

4 53 45 

5 01 20 
5 II 28 
5 17 00 



53-6 H 
52.55 B 



E 
E 
E 
E 
W 
W 
W 



51. 1 
12.5 

7.6 

0.1 

4.0 

9.2 
72.6 

73.75 w 
75.05 w 
76.3 w 

77.8 w 

78.3 w 

81.25 w 
82.7 w 

83.5 

84.6 
85.6 

86.6 
N89.3 
N 88.2 
N 86.05 W 
N85.3 W 
N85.1 
N 84.0 
N82.5 
N82.3 



W 

w 
w 
w 
w 
w 



w 
w 
w 
w 







Corrected 






magnetic 


Magnetic 


Sun's 


declina- 


declination 


altitude 


tion 








Q 


10.6 W 


42 


10.4 w 


10.6 


43 


10.4 


10.9 


44 


10.6 


9.8 


61 


9.2 


1 1.4 


61 


10.8 


II.O 


62 


10.4 


10.6 


62 


10.0 


10.3 


62 


9.7 


10.6 


44 


103 


10.3 


42 


10. 1 


10.6 


42 


10.4 


10.6 


41 


10.4 


10.8 


39 


10.7 


100 


38 


9-9 


11.8 


37 


11.7 


12.3 


35 


12.2 


12.0 


34 


11.9 


I1.7 


33 


11.6 


II. I 


31 


II.O 


II. 2 


30 


II. I 


9-^ 


22 


9-5 


9.8 


21 


H 


10.9 


19 


10.8 


10.9 


18 


10.8 


10.9 


17 


10.8 


10.9 


15 


10.8 


10.6 


13 


10.5 


10. 1 


12 


lO.O 



Compass Errors 

No confidence can be placed in azimuth observations taken with 
an ordinary compass unless the Sun is low. Small defects in the 
compass cause a rapid increase in the errors when the Sun's alti- 
tude is over 30°. This applies of course only to shadow observa- 
tions. Consequently, in 1906 and 1907, observations were taken at 
Castle Island, Boston Harbor, to furnish a table of errors of the 
compass at Bermuda- At Castle Island standard magnetic obser- 
vations have been made by the United States Coast and Geodetic 
Survey. The station occupied by the Survey in 1905 was not 
marked, but a new station, marked by a stone post, within 60 feet 
of the old one, was established by the Survey in iqo6. It was 
found that for the accuracy required of the Bermuda observations, 
the magnetic declinations at the two Coast Survey stations was the 
same. Hence, observations which were taken with the compass in 
1906 before the establishment of the new station, were not dis- 
carded. About one-sixth of the total number of sights were taken 
at the old station. These observations showed that the compass 
had considerable error depending upon the altitude of the Sun. 
The sights were taken in the same manner as those at Bermuda. 
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A careful examination of the compass and an analysis showed the 
cause of these errors, and confirmed the system of errors obtained. 
Observations for determining the magnetic declination, in order 
to get a table of errors for the Bermuda values, were made at Cas- 
tle Island on eleven days between March, 1906, and May, 1907. 
These were made in the same way as the Bermuda observations. 

Compass Correction 



Altitude 


Correction 


Altitude 


Correction 














5 


—O.I 


45 


—0.3 


10 


0.1 


50 


0.4 


15 


0.1 


55 


0.5 


20 


0.1 


60 


0.6 


25 


O.l 


^A 


0.7 


30 


0.1 


66 


-^i 


35 


I 


67 


40 


— 0.2 







In the above no account is taken for diurnal variation in mag- 
netic declination as this correction would, in general, be less than 
the error of observation, viz., o°.i. 

These were the values used to correct the observed magnetic 
declinations at Bermuda. The probable error of a correction for 
any altitude can hardly be more than one-tenth of a degree. 

The isogonic lines of the map, Fig. 2, were drawn to conform as 
nearly as possible to the values obtained. The dotted lines are for 
the half degree curves. // should be noted that the latitudes as shown 
on Fig, 2 require to be increased by 16", (See Part Two.) 

For fourteen stations the declination values are decidedly 
anomalous; they are indicated by enclosure in brackets on the 
map. One-half of these differ by one degree from the values 
expected from the map. It is quite possible that in these 
cases, an error of an even degree or half degree may have been 
made. An examination of the values taken immediately before and 
after the suspected ones, with a knowledge of the change in 
azimuth of the Sun in the interval, shows in each case that this is 
very probable, since these cases happen to occur in regions where 
the declination does not change rapidly. The accidental errors due 
to imperfect levelling and imperfect setting of the beam of sunlight 
are believed to be, as a rule, less than three-tenths of a degree, 
even with the Sun at a high altitude. 

The map shows in general a large area of declination below the 
normal around Great Sound. Another large area, above the 
normal, extends eastward from Hamilton Harbor. In the north- 
east part of Bermuda, the declinations, although in parts irregular, 
do not differ greatly from the normal. Rapid changes in the values 
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occur south of Morgan and Tucker's Islands, and in the region 
southwest of Point Shares- 
Recent values of the normal declination at Bermuda are found 
on the sailing charts. Hydrographic chart No. 141 1 of the Atlantic 
Coast, 1894, shows the normal for the region of Bermuda to be 
about 8°. 6 west, and that the normal curves run N 44° W. On 
Hydrographic chart 1495 of Great Sound, taken from the Admiralty, 
is a statement that the normal 8^.4 (1895) was found at Grassy 
Bay; that the declination was 25^° greater at Clarence Cove, and 
I ^ ° less at the Cemetery of Ireland Island. Hydrographic chart No. 
27 of the Bermudas, gives values of the declination from 8°. 5, west 
of the Islands, to 8^.75 east of the Islands. The average of all the 
values on the map. Figure 2, is 9^.3 W, though in such a disturbed 
region this can hardly be taken as representing the normal. 

Part Two 

Determinations of Latitude^ 
Flatts Village, Bermuda 

Latitudes and longitudes on Chart No. 27 of the Bermudas, 
published by the United States Hydrographic Office, are taken from 
Admiralty data, probably the best source. A small ordnance map 
of Bermuda on a scale of one inch to the mile is provided with lon- 
gitude and latitude lines. Although it is claimed that these are 
inserted from Admiralty data, the latitudes differ by 16" from the 
Admiralty values. Thus, the latitude of Bastion C, Ireland Island, 
taken from the ordnance map is 32 19' 21". The Admiralty lati- 
tude is 32 19' 37". The longitudes from the two charts agree very 
well. In view of the discrepancy in the latitudes, which is great 
enough to be determined readily by accurate portable instruments, 
the Bermuda Biological Society desired a set of latitude observa- 
tions. 

The instrument with which the latitude observations were taken 
was a Wegener prismatic circle. No 1948, ten inches diameter, 
graduated on silver to 10' with two opposite verniers reading to 10". 
This type of sextant gives very bright images, enabling a power of 
10 to be used with ease for star work. The horizon glass is a 90° 
prism. All the back-lash in the tangent screw is taken up by a 
spring ; this fact contributes much to the accuracy of a setting. 

The artificial horizon was a wooden block upon which a strip of 
heavily tinned sheet iron was held. Mercury poured over this 
amalgamated with the tin, enabling a very small amount of mercury 
to cover the whole surface of the tin — about i ^ inches by 4^ inches 
in extent. The effect of the amalgamation is to lessen the quivering 
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of the mercury when disturbed, as a very thin film is all that is 
required to give a true level plane. 

In order to get as careful observations as possible I made a 
stand, permitting slow motions of altitude and azimuth and swing- 
ing. The circle could be taken oflF the stand quickly for reading 
the verniers by means of a cylindrical stud, firmly screwed to thg 
center leg of the circle. This stud slipped into the correspondine 
socket of the stand where it could be clamped, permitting only 
slow motion in altitude by a lever and tangent screw. Time ob- 
servations of the Sun and stars were frequently taken. 

Polaris was observed for latitude on the evenings of March 29, 
31, April 4, 7, 8, 1905, at the Frascati Hotel. 

The index readings were taken at the close of each evening's 
work. Temperature conditions were so steady that it was thought 
unnecessary to observe twice each night for index. 

The instrumental double altitudes were reduced to true alti- 
tudes by properly correcting for index and refraction. The mean 
of the two vernier readings was in each case used. The latitude 
corresponding to each sight is obtained finally by applying to the 
true altitude the correction : 
X = +/ cos / — J^ / sinV tan ^ + >^/ cos / sin* / — >6/* sin* / tan^ A 

where p is the polar distance of Polaris, / its hour-angle, and h its 
true altitude. The work was carried to even seconds of arc. 

The average of the 68 observations made, uncorrected for gradu- 
ation errors, is: 32° 19' 22^.5 N. 

The graduation errors of the circle were determined by meridian 
observations of the Sun at Marblehead, Mass., from September to 
November, 1906. By means of the corrections so determined the 
finally adopted value of latitude is : 

32° 19' I3".2 N. 

The probable error of a single observation, account being taken of 
probable error of graduation correction determination, is: 4".7, and 
of the result adopted, o."5. 

By carefully measuring on the large ordnance map of Bermuda 
the differences of latitude between the Frascati Hotel and prom- 
inent points, the latitudes of which are published as representing 
Admiralty values, the Admiralty latitude of the place of observa- 
tion is found to be 32° 19' i3."i, with perhaps an uncertainty of o."4 
from the measurement. The accordance of the circle observations, 
taken in 1905 and corrected as described above, with this Admiralty 
value makes it highly probable that the latitudes published on the 
small ordnance map of Bermuda were erroneously inserted. 
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ON EARTH-CURRENTS AND MAGNETIC VARIATIONS. 

By Dr. L. Steiner. 

The relation between earth-currents and magnetic variations is 
very far from being thoroughly known. The main question, 
whether the magnetic variations are entirely, or, at least, partly 
due to the electro-magnetic action of earth-currents, or whether 
the earth-currents, in turn, are induced by the magnetic varia- 
tions, is not yet definitely solved. Many investigators are inclined 
to accept the former view, relying mainly upon observations made 
at times of magnetic storms. The few data at our disposal con- 
cerning the daily variations on calm days has not yet settled the 
question. The most elaborate investigations dealing with this sub- 
ject — the well known work of Professor Weinstein* — very much 
advanced the problem, but they also did not lead to final results. 

If the earth-currents were the primary causes of the daily mag- 
netic variations, then we should expect that the west-east com- 
ponents of the currents are connected with the north components 
(AX) of the magnetic variations, and the north-south components 
of the currents with the west-east components (AY). The observa- 
tions at Paris^ seem to confirm such a connection for the WE cur- 
rents, but the connection for the NS currents is not so conspicuous. 
I think the connection must, however, be restricted in one respect. 

The well-known investigations of Schuster, v. Bezold, and 
Fritsche have shown that the daily variation of terrestrial mag- 
netism is to be ascribed to two causes, the one being outside, the 
other inside the Earth. The numerical separation of the two 
causes, as far as the data permitted, has been done by Fritsche.* 

The data for the total daily variation of the magnetic forces due 
to both causes, for the polar distance, w=40° (latitude 50° N), tabu- 
lated below, are due to him, and the data for the earth-currents are 

^ Die Erdstrome im deutschen Reichstelegraphengebiet. Braunschweig, 1900. 
Cf. Review in T. M., Vol. VII, p. 14Q. 

* Annales du bureau central m6t^or. de France. 1893. M^moires, B 25. 

* Die tagliche Periode der erdmagn. Elemente. St. Petersburg, 1902. (We shall 
denote it by Fr.) 
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taken from Weinstein's work, namely from the vector diagrams, 
Plate VIII (Diurnal variation of earth-current for the four seasons, 
i884-'87). In the following table the + sign denotes an earth- 
current in the direction EW (^, e,, from east to west), and a force, 
AX, directed to North, whereas the — sign means the reverse. For 
the other component the + sign means an earth-current in the SN 
direction, and a force, AK, directed to east, whereas the — sign 
denotes an earth-current in the NS direction, and a magnetic force 
component, AY, to west. The numbers for the earth-currents are 
given in arbitrary units, (viz., the lengths in Weinstein's vector 
diagrams in units of io~' mm.,) and those for the magnetic forces* in 
io~^ C G, S,, (fifth decimal of the Gaussian unit.) 







SUMMER. 








WINTER. 








brth-Cumnt 


AX larth-GiuTUit 


AY 


d(AY 




dAV) 




(fr.p.25) 


5iV(+) (Ft. p. 25) 


dA 


^^+) (Fr.p.26)5A^H-) 


(Fr.p.27) 


dA 


h 

o 


Noon) —329 


—104 


—1240 


—242 


-392 


—239 


—50 


-618 


-83 


—207 


I 


~'^Z 


-.30 


— 755 


—313 


—145 


—142 


-32 


—420 


—125 


— lOI 


2 


+ 98 


Xt 


— 127 


— 3'9 


+ 96 


+ ^ 


— 5 


— loa 


—134 


+ 39 


3 


-1-26 1 


+ 384 


-270 


+259 


+19 


+169 


—107 


+ 147 


4 


+355 


+119 


-f 700 


—194 


+316 


+120 


+32 


+280 


-% 


+ito 


5 


+3«3 


--117 


+ 8c9 


— 1'3 


+277 


4-112 


+30 


+277 


+141 


b 


+337 


-- 99 


+ 702 


— 53 


+1S8 


+ 98 


+19 


4-240 


+ 9 


+ 73 


\ 


+259 


+ 75 


+ 497 


— 19 


+ 97 


+ 90 


+10 


4-262 


+ 26 


+ 19 


+162 


+ 55 


+ 272 





+ 46 


+108 


+ 2 


-^-318 


-A- 22 


+ 4 


9 


+ 89 


+ 46 


+ 179 


+ 12 


+ 45 


+140 


+ I 


+319 


+ 27 


+ 23 


lO 


+ 50 


±^l 


+ 172 


+ 29 


+ 76 


+134 


— 3 


+246 


+ 36 


+ 47 


II 


+ 19 


t ^^ 


+ 162 


+ 53 


+ 101 


+ 77 


— 4 


+103 


+ 48 


+ 51 


12 





+ 26 


+ 176 


+ 76 


+ 88 


- 8 


- 8 


— 41 


II? 


+ 27 


13 


t 5 


+ 10 


+ 160 


+ 93 


+ 47 




—12 


-n6 


— 17 


14 


+ 35 


— 2 


-f- 186 


+ 101 


+ 16 


— 88 


—13 


—159 


+ 50 


-61 


15 


+ 74 


— 6 


+ 206 


-1-106 


+ 33 


— 78 


— 9 


—171 


+ 31 


— 79 


i6 


+ 101 


+ 3 


-h 280 


+ 124 


+104 


— 25 


— 2 


-160 


-f- 12 


— 58 


17 


4-104 


+ 7 


+ 411 


+ 161 


+ 177 


+ 32 


+ 14 


-84 


+ 5 


— 3 


i8 


+ 24 


— 5 


+ 394 


+211 


+ 1S0 


+ 77 


+27 


+ 51 


+ 11 


ti? 


19 


' —121 


-43 


+ 171 


+247 


4- 61 


4- 82 


+34 


+199 


+ 32 


20 


-325 


— 101 


— 284 


+234 


—162 


+ 22 


+24 


4-220 


+ 5» 


+ 54 


21 


-481 


-152 


— 820 


4-160 


—401 


— 82 


+ I 


+ 50 


+ 53 


— 43 


22 


-546 


-176 


—1244 


+ 33 


-556 


— 191 


—27 


—260 


+ 28 


—157 


23 


-4^ 


-158 


—1433 


—117 


—551 


--251 


-4S 


—537 


— 24 


—225 



We see that between the ^^earth-current and the AX magnetic 
force there is an obvious parallelism, which we do not at all find 
between the SN currents and the AY magnetic force. Deriving, 
however, the differential coefficients' of the AY with the aid of 
Fritsche's series, a direct connection apparently results (Table 
(18) i3 and table (2i)i3): 

1 The sign of AY is opposite to that given by Fritsche, as he regarded the + 
direction towards the west. 

* X = geogr. longitude. Differentiation with regard to X represents differentia- 
tion with regard to the time. 
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d(AY) — 159 cos A — 168 cos 2A — 81 cos 3A + 16 cos 4A 

Summer : - 

d\ +121 sill A + 162 sin 2A+ 117 sin 3A + 8 sin4A, 

d(^Y) — 30 cos A — 78 cos 2A — 87 cos 3A — 12 cos 4A 

Winter : = 

^^ + 55 sin A + 22 sin 2A + 48 sin 3A + 4 sin 4A. 

In these series A counts from noon instead of from midnight as 
in Fritsche's formulae, also the signs and units are in conformity with 
those adopted above. The combined effect due to both internal and 
external systems of magnetic forces is here considered. 

If we imagine that the earth-current contained between the two 
earth plates be closed somehow in the interior of the Earth, then 
an increase of the magnetic force to the west induces — in conform- 
ity with Maxwell's rule — an earth-current in the direction NS^ and 
a decrease of the force to west (or an increase of the force to east) 
an earth-current in the direction SN. A NS current has been de- 
noted in our table above by a — sign. The 5th and loth columns 
of the table contain the values of the differential coeflScient. The 
parallelism between these numbers and those for the SN earth-cur- 
rents is very striking. We see that the extreme values and the 
changes of sign occur in the differential coefficients in most cases 
at the same time or a little earlier than for the earth- currents, 
which seems favorable to the supposition that these currents are 
induced by the changes of the AY. By plotting the numbers the 
parallelism is best exhibited. (See Figs, i, 2, 3, 4.) 

It will be noticed that the agreement is not so close for winter 
as for summer, which fact is not surprising when we consider the 
many complex features contained in the vector diagrams for both 
the earth-currents and the magnetic forces. We also note the less 
agreement for the night hours. Weinstein remarks, indeed (p. 18): 
"... die Anderungen der Stromstarke in den Nachtstunden 
konnen, an den Aufzeichnungen selbst, nur bei grosser Sorgfalt in 
der Ablesung iiberhaupt constatirt werden.'' Pursuing the rela- 
tions further, and considering the trigonometrical series for the 
earth-currents and for the magnetic forces, our opinion is strength- 
ened that we have to deal with a causal connection. 

Since Fritsche reckoned the summer data from the months 
April-September, and the winter data 'from October-March, and 
Weinstein from May-July and November- January, it will be ad- 
visable to include Weinstein's data (p. 27) for the months April, 
August, September in the summer period, and October, March, 
February in the winter period. Further, we will now consider the 
internal and external systems of forces separately. 
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Let us write the series in the form : 
u^sin {U^ + t) +u,sm{U^+ 2/) +7^,sin (^, + 3O + «iSin {U,+ 4/) 

The various constants of the series are given in the table below : 
B — D signifies the earth-currents in the Berlin-Dresden line, thus 
approximately in the NS direction ; B — Th those in the line Berlin- 
Thorn, thus approximately in the WE direction; the magnetic 
forces AX,- and AY, are those due to inner causes, and AX^ and AYa, 
those to outer ones, the same units being used as before. Of course 
we cannot expect a strict agreement between the B- Th currents and 
the AX on the one side, and between the B-D currents and the 

on the other side. We must be content if the main terms of 

our series do not show such a contradiction as to make illusory the 
connection the former data allowed us to infer. Also, we are 
prepared to find a feebler agreement for winter than for summer. 





B-Th 


AX, 


SUMMER. 


dSli) 


d\ 


rf(AT,-+ATa) 






d\ 


d\ 




i\ 


264 


26 

92°2 


82 
i62°.9 


94 
I47°7 


343 
144°. I 


^0 
140^3 


134 
I20°.6 


200 
i27°.3 


^ 


k 


i25°.3 


'^0 
152°.! 


i33°3 


I38°.7 


367^ 


58 
I57°.8 


182 

126°. 5 


234^ 


\ 


9. 


79°.o 


10 

i68°.7 


21 
i42°6 


I50°.9 


184 
I47°4 


41 
i62°.9 


104 
i38°.5 


I45°.3 


\ 


5 


II 
56°.3 


2 

270- 


243°.4 


256°o 


Z". 


8 
270^.0 


II 

225°0 


18 

243^4 


0, 










WINTER. 










p. 


i32°.3 


49°.o 


2^|o, 


6 
121°. 


18.S 
I37°.4 


30 
152^6 


32 

I50°.3 


I5i°.4 


\ 




"7, 
I57°.4 


11 
ioo°.3 


'^^ 


26 
94°.4 


218 
i85°o 


18 
90° 


^^0 
1 10°. I 


81 
io5°.8 


0, 


u\ 


^0 
iio°.9 


7 
116^6 


II 

111° 8 


17 
ii3°.6 


154°. I 


36 
i3i°6 


65 
iii°.8 


99 
1 18° 9 


\ 


ci 


14 
i23°7 


I 
90° 


3 
io8°.4 


4 
io4°.o 


79 
i6o°.o 


90=^ 


9 
ii6°.6 


13 
116^6 


\ 



The data exhibited in this table lead to the following remarks : 
We find a looser agreement between B — Th currents and the AX 
components — thus a greater discrepancy concerning the connec- 
tion generally admitted — than between the B — D currents and the 
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-. . In the latter there is no contradiction at all— except for 

the second and the fourth terms of the winter series ; on the con- 
trary, we find a very remarkable agreement. We will emphasize 
that in general — ^and especially in the data referring to the B — D 

currents and the — the constants of the inner agencies are 

in closer agreement with those of the corresponding currents than 
the data of the outer agencies. This seems to prove that at least 
one part of the daily magnetic variations is related to the earth- 
currents in such a way that the AX, are partly electromagnetic 
actions of the ^W^ earth- currents, and the NS earth-currents are 
partly induced currents caused by the variation of the AY,- . 

If these remarkable connections be real, then of course the re- 
lation of the earth-currents and the magnetic variations is more 
complicated than we should at first sight suppose, and the physical 
explanation of it seems to present great diflSculties. Why do the 
i? biocurrents act as primary causes on our magnetic instruments 
and the NS currents behave like currents induced by the AY,- mag- 
netic forces ? For the explanation of those remarkable connections 
we could point to the circumstance, that — as far as thermo-electric 
currents, or rather currents which in some way are connected to the 
variable height of the Sun, are concerned in the earth-currents — 
the variable heating of the soil by the Sun in the course of the day 
can cause currents vn EW direction, as in this direction the tem- 
perature gradients are greatest. These currents can be looked 
upon as primary currents. The unsymmetrical distribution of the 
stream lines in EW direction allow us to expect a magnetic force 
in ElVf and the variation of this component induces currents in 
A^^S". This idea, however, can easily be attacked, and the above 
connections — as far as they are not due merely to chance — still 
await explanation. 

Schmidt* has put forward the hypothesis that the earth-currents 
are due to induction in the wires. Weinstein* holds the contrary 
view. The above considerations led us to consider the possibility 
that, as far as the inner agencies of magnetic force are considered, 
there might be a diflference between the NS and EW currents with 
regard to their origin. 

Budapest, February, igo8, 

1 Meteor. Zeitschr., 1902, p. 94. 

2 loc. cit. 
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RETURN OF THE " GALILEE " AND CONSTRUCTION OF A 
SPECIAL VESSEL. 

By L. A. Bauer, Dh ector. 

The yacht •' Galilee " chartered by the Department Terrestrial Mag- 
netism of the Carnegie Institution of Washington, for the purpose of a 
general or preliminary magnetic survey of the Pacific Ocean, returned to 
her home port, San Francisco, California, on May 22, after an absence of 
nearly three years, during which she has cruised in the Pacific Ocean to 
the extent of about 65,000 nautical miles. 

After completing at San Francisco various swings and observations, 
she left on August 4, 1905, for a trial cruise to San Diego, California, 
under the writer's direction for the purpose of completing the necessary 
training of the observers and perfecting the methods of observation. 
The vessel next proceeded to Honolulu and Fanning Island, returning to 
San Diego, California, in December, 1905. Captain J. F. Pratt of the 
United States Coast and Geodetic Survey commanded the vessel in 1905. 
Upon the expiration of his furlough, Mr. W. J. Peters, chief magnetic 
observer of the Department Terrestrial Magnetism, assumed command 
and carried out the balance of the cruises up to the return to San 
Francisco in a most satisfactory manner. 

During the period 1906-8, the vessel visited the following ports: 
Fanning Island, Apia, (1906 and 1907), Suva, Jaliut (Marshall Ids., 1906 
and 1907), Guam, Yokohama, San Diego, Nukahiva (Marquesas Ids.), 
Tahiti, Yap (Caroline Ids., 1907), Shanghai, Sitka, Honolulu (1907), 
L5^tleton (New Zealand), Callao (Peru), and San Francisco. It is thus 
seen that she has cruised over the greater part of the Pacific Ocean and 
especially in those regions where magnetic data (at least of all three 
magnetic elements) were very scarce. Hence a general, or preliminary, 
magnetic survey of these regions, has been now completed. 

Owing to the harmonious co-operation between the Office and the 
Vessel, and because of the methods pursued, this entire work has pro- 
gressed with scarcely a hitch in the program set. It is the full expecta- 
tation that the results achieved will be ready for publication towards the 
close of the year. What is furthermore a cause of satisfaction, though 
the vessel (an all-sailing one) in some of her lengthy cruises was at times 
beset by severe storms and exposed to imminent danger, she met with 
but one accident, viz., when she was dashed by a typhoon against the 
breakwater at Yokohama, in August, 1906, and was sunk in about 14 feet 
of water. But, as may be recalled, ten days after this accident she again 
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set sail for a long cruise to San Diego. The expedition has not a single 
loss of life to record in her personnel and crew throughout the period. 

Besifles those mentioned, share in the success of the work is due to 
the sailing master, John T. Hayes, and to the magnetic observers and 
surgeons assigned to the vessel at various times, viz.: Messrs. J. P. 
Ault, P. H. Dike, J. H. Egbert, J. C. Pearson, H. E. Martyn, G. Peterson, 
D. C. Sowers, and P. Whitney, as also to Mr. G. W. Wttlehales, consult- 
ing hydrographer, and to Mr. J. A. Fleming, in charge of office com- 
putations. 

The New Vessel, 

The necessary experience having now been gained as to the require- 
ments of ocean magnetic work for the most expeditious and most 
successful accomplishment, it was deemed best to close the work for the 
time being and to undertake the construction of a vessel especially 
adapted for the purposes. 

It is a source of great encouragement and stimulus to be able to an- 
nounce now that the Carnegie Institution of Washington has shown 
sufficient confidence in the projects of its Department Terrestrial Magne- 
tism as to warrant making special provision for the building of a vessel 
wholly designed with the view to ocean magnetic surveys. Mr. Henry 
Gielow, naval architect and engineer, has been entrusted with the 
preparation of the plans and specifications, and it is hoped that the con- 
struction of the vessel may be soon begun. 

The new vessel is to be called the *' Carnegie." She will be, pri- 
marily, a wooden, square-rigged, sailing vessel, practically non-magnetic, 
but provided with auxiliary power (125 H. P.) sufficient to drive her 
about 6 knots. This engine will be of the internal combustion, gas pro- 
ducer type, and constructed as far as possible of non-magnetic materials. 
The distance from the magnetic instruments of the amount of iron 
necessarily remaining in the machinery, is to be such that any possible 
outstanding magnetic effect will be of (or less than) the order of error of 
observation. The approximate dimensions will be as follows : length 
over all, 155 feet; length on load under water line, 128^ feet; extreme 
beam, 33 >^ feet; and draught, 12;^ feet. 

It is expected that this new vessel will be ready to resume the ocean 
magnetic survey near the middle of 1909 and her work will be at first in 
the Atlantic Ocean. 

This action of the Executive Committee of the Carnegie Institution 
now makes certain the completion of the general magnetic survey of the 
globe within a period of 10-15 years />r(7Z7V/^^ certain governments will at 
once take action to secure magnetic surveys in their own unsurveyed 
domains. 
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THE EARTH'S RESIDUAL MAGNETIC FIELD. 

A. Tanakadate; L. A. Bauer. 
A, Tanakadate:^ 

" Dr. L. A. Bauer has constructed the map of residual magnetic 
field after deducing the first harmonics in Gaussian expansion from 
the observed values of each component, and has shown in a marked 



ira.MC c a ■ 



way several centers of attractions and repulsions on the Earth's 
surface. The question naturally arises, What will be the residual 
field after deducing all the harmonics from the observed values? 
The following table and map [reproduced on reduced scale], con- 
structed from the differences in Tables III and VIII in Prof. Ad. 
Schmidt's Paper in the XXI Jahrgang of Aus dem Archiv der 
Deutschen Seewarte, furnishes the answer. The map was originally 
constructed on a globe of 30 inches diameter by two of my assist- 
ants, Messrs. T. Kato and T. Yasuda.*' 

^ Extracted from Professor Tanakadate's recent paper entitled " Terrestrial Resid- 
ual Magnetic Field," reprinted from Denki gakukivai Zassi, No. 220. 
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"Those residuals, though still presenting certain aspect of con- 
tinuity, the relation between the horizontal and vertical components 
does not in general show centers of attractions or repulsions, ex- 
cept in few cases which may be real or accidental. Considering the 
way in which the data (the Beobachtete Werthe at regular intervals 
of longitude and latitude), these residuals would seem to have but 
little physical sense, as is duly remarked by Prof. Schmidt himself." 

" The residuals exceed .03 C. G. S. units in some places, so that 
we may consider the second figure of the magnetic elements as yet 
uncertain in most places, especially in high latitudes. In this re- 
spect the value of the g^eat undertaking of the Carnegie Institution 
will require no comment. The maximum residual when only the 
first harmonic was taken is 0.16, so that we may roughly say that 
the expansion to 7th harmonic reduces the residuals to about \. 
From the nature of the problem, the convergency of the series cail 
not be predetermined unless we assume the mode of distribution of 
the magnetism." 

" Upon the want of data at present, if we take the strength and 
depth of the Asiatic focus of disturbance as deduced from the mag- 
netic survey of Japan* to be 1.4 1 x 10" C. G. S. and loio kilometers, 
the field at the epicenter is .138 C. G. S. Instead of the direct cal- 
culation, however, if we expand this in spherical harmonics, the 
sum of the first 20 harmonics amounts to .117, giving a residual of 
still .021. We see from this that if there is disturbance whose effect " 
can be represented by such an image the convergency of the Gaus- 
sian expansion becomes hopelessly slow, an enormous number of 
constants being required to exhaust even the second figures in ob- 
served values." 

"On the other hand, the first approximation of the Earth's mean 
magnetic moment can be obtained, within about 10%, from obser- 
vations at any ^m^/tf^e?««/. . . . 

" The difficulty of reducing residuals by extending higher har- 
monics is apparent at a glance on the map at the end of the paper; 
this suggests to us the comparative shallowness of the seats of the 
disturbing field, although no valid deduction can mathematically be 
drawn as to the internal mode of distribution. Whatever may it be, 
if we try to account for it by a distribution not far from the Earth's 
center, an unprobably strong and complex magnetization would 
have to be supposed." 

2 Journal of the Science College, Imperial University, Tokyo. 
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L. A. Bauer : » 

" In conclusion, permit me to briefly sketch the general scheme I 
am following in the analytical discussion of the magnetic conditions 
prevailing in the United States as exhibited by these maps. [Iso- 
magnetic maps of the United States of North America for 1905]. 
Some of you are familiar with the general analytical treatment by 
spherical harmonics of the Earth's magnetic condition, at any stated 
period, initiated by Gauss. You will doubtless recall that he car- 
ried the expansion of the potential to terms of the fourth degree, 
inclusive, thus involving twenty-four coefficients to be determined 
by a least square treatment of the available magnetic data. The 
later analysts have extended the expansion to terms of the sixth 
order, inclusive, hence determining forty-eight coefficients. How- 
ever, in spite of the increase in the number of terms and coeffi- 
cients, the results as computed from the formula differ from the ob- 
served quantities to such an extent that no practical use, whatso- 
ever, can be made of them. For example, in the United States the 
formula would give magnetic declinations differing at least 1° to 3** 
from observed values." 

'' Gauss's formula has only a certain theoretical significance, but, 
as said, no practical value as an interpolation formula. Why is 
this? Is it due to imperfection or incompleteness of the underlying 
data? Yes, to a certain extent. For example, all of the various 
analyses to date have had to be based on maps depending largely on 
land data, 2. e,, on data covering but a fourth of the area of the globe. 
Nothing was known as to the reliability of the map data over the 
remaining three-fourths — the ocean jyreas. Thus the Carnegie 
Institution work has shown that the magnetic map data over the 
Pacific Ocean are erroneous 1° to 3° in declination and dip, and 
about one twenty-fifth part in horizontal intensity. So we may 
confidently expect some improvement with the later more accurate 
data and it is possible that a new formula as based upon these data 
will give results sufficiently close in agreement with observation 
over the ocean areas for practical purposes if not for scientific pur- 
poses." 

"When we come to land areas, however, it is questionable 
whether any general terrestrial formula can be established which 

' Concluding: remarks of a paper on " Some Results of the Magnetic Survey of 
the United States," presented at the meeting of the National Academy of Sciences, 
Washington, D. C, April 22, 1908, and printed in full in " Science." N. S. Vol. 
XXVII, No. 699, pp. 812-816 (May 22, 1908). 
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will represent the land observations sufficiently closely, even if the 
expansion be carried farther than it has already been, viz., beyond 
the sixth degree. The prime reason for this has been made evident 
from our study of the magnetic field of the United States. We find, 
namely, that we must deal with irregularities in magnetic distribu- 
tion of various gradations covering areas of varied extent, a local- 
ity, county, state or an entire continent. Thus we may have the 
magnetic forces observed at any given point in the United States as 
the resultant effects of (i) a general or terrestrial magnetic field 
due to the general magnetic condition of the Earth, (2) a general, 
terrestrial disturbing cause which distorts the general magnetic 
condition of the Earth at the place of observation, (3) a continental 
disturbing effect, due largely to that portion of the North American 
continent above the general ocean bed, (4) a regional disturbance 
due to lowlying magnetized masses or Earth currents covering a 
certain region, and (5), a local disturbance due to the magnetized 
masses or currents in the immediate vicinity." 

** Now a formula based upon the entire Earth can, of course, not 
include also disturbances of such restricted areas as embraced under 
the last two heads, viz., regional and local disturbances, but it ap- 
pears that the present formulae do not even adequately represent 
the continental Q^^cts, In these formulae we have the various terms 
advancing and recurring by trigonometric functions of multiples of 
the longitude and the latitude. Thus a term involving six times the 
longitude is supposed to continue around the Earth six times in un- 
altered manner. However, such a term arising from the North 
American continental shelf which in the United States has a width 
in longitude of about 60°, would not continue around the Earth, 
but would in all probability die out before the European or the 
Asiatic continent is reached. In other words, it must be recog- 
nized that with the recurrent or continuous terms embraced in the 
higher harmonics of Gauss's formula, we can at the best but 
"counterfeit" the facts of nature but never get at the actual truth." 
'* Here we are brought face to face with the question : How far is 
it really worth while to go in the establishment of the formula? 
The geodesist contents himself with the determination of at most 
two constants for the figure of the Earth. No one, to my knowl- 
edge, has succeeded in establishing a formula which represents the 
actual shape of the Earth and exhibits at least the most marked of 
the Earth's manifest irregularities of surface. Professor Love, I be- 
lieve, has established a formula representing the irregularities of 
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the first, second and third degrees, but has not deemed it worth 
while to go beyond this extent. And so it would appear to me that 
the time has come to halt in the establishment of a complex form- 
ula involving forty-eight unknowns or more which at the very best 
can give but an inadequate representation of the actual facts of the 
Earth's magnetism. It would seem more logical to stop with a cer- 
tain finite number of terms involving a limited number of un- 
knowns which represent, from a physical standpoint, the chief and 
principal facts of the magnetic condition of the Earth. The mag- 
netization resulting from this limited expression we should call our 
"normal field" or "field of reference'* as the geodesist calls his 
adopted figure, the spheroid of reference. The residuals from this 
field of reference would then receive separate or special treatment 
in accordance with their extent and their character." 
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•BIOGRAPfflCAL SKETCH OF E. VAN RIJCKEVORSEL. 

Elie van Rijckevorsel was born at Rotterdam, Holland, the 22d of 
March, 1845. After attending for two years the lectures at the "Eidge- 
nossische Polytechnikum " at Zurich, he completed his studies at the 
universities of Bonn and Utrecht, He took the degree of " mat. mag. 
atque phil. nat. Dr." at the latter university in 1872. 

Except that he was made an honorary observer of the Royal Meteor- 
ological Institute of the Netherlands, he never had any official appoint- 
ment. Through the mighty influence of the great Buys Ballot, van 
RijckevorsePs activity was soon directed to the study of meteorology, 
and more especially of terrestrial magnetism. 

During the years 1873-77 he completed a magnetic survey of the 
East Indies, and also surveyed the eastern part of Brazil during the 
years 1879-84, this time in collaboration with C. E. Engelburg, C. E. 
The results of both surveys were published separately by the Royal 
Academy of Sciences at Amsterdam. 

His next undertaking was a magnetic survey, far more detailed than 
the two already mentioned, of the Netherlands in the years 1889-92, the 
results of which were published by the " Bataafsch Genootschap," at 
Rotterdam. 

During the years 1895-97, van Rijckevorsel, in collaboration with 
Dr. W. van Bemmelen, took a very large number of observations on and 
near the Righi, in order to ascertain what influence the altitude above 
the sea might have on the magnetic elements. The results of this in- 
vestigation were published by the Royal Meteorological Institute, as are 
likewise the "Comparisons between the absolute magnetic instruments 
at different observatories" which van Rijckevorsel frequently takes, 
principally between the Kew and Potsdam observatories. 

His later publications are chiefly concerned with a thorough investi- 
gation of the parallelism between some meteorological, magnetical and 
cosmical phenomena. 
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LETTERS TO EDITOR 



THE SOLAR ECLIPSE OF AUGUST 30, 1905, AND MAGNETIC 

PHENOMENA. 

I have read with interest Mr. Charles Nordmann's contribution! to 
the study of the eflFects produced on the magnetic declination by the 
total solar eclipse of August 30, 1905. Whilst appreciating, as it de- 
serves, Mr. Nordmann's ingenuity, I must confess that the facts which 
he advances, p. 23, seem to me to be inconclusive, and to bear most 
probably a diflFerent interpretation from that which he supposes. Before 
explaining my reasons for this view, I should like to make some prelim- 
inary remarks. 

Mr. Nordmann's curves, p. 22, have no claim to acceptance except as 
the embodiment of the figures quoted on p. 20. The unit of force em- 
ployed is said to be only 0.14 7 (7 = i X lo^s C. G. S.). Of the five sta- 
tions dealt with, Stonyhurst has the lowest horizontal force, and there 
I 7 answers approximately to o.''2 of declination. Thus when Mr. Nord- 
mann on p. 20 gives values to o.i of his unit, he is practically recording 
declination changes to 0.^003 or less. It is unusual to measure declina- 
tion curves to nearer thano.'^i (answering usually to o.i"»™ approximately), 
and two observers will often differ by this amount in their estimate. Mr, 
Nordmann, it is true, has used not his actual curve measurements, but 
smoothed means of the type {a -\' 2b -\- c)/ \\ but even taking this into 
account one cannot but regard the figures on pp. 20 and 21 as suggest- 
ing an accuracy at least ten times that ordinarily attempted. 

The next point relates to the method employed on p. 19 for elimi- 
nating the disturbance element and the regular diurnal variation. As 
to the latter, only a general statement is made, but apparently a diurnal 
inequality was calculated from a series of days preceding and following 
the eclipse. It must, however, be borne in mind that, as well known ^ 
there is no such thing as a fixed regular diurnal inequality character- 
istic of a month or a portion of a month. If one calculates an inequality 
from the quieter days of a month, and then from all but the highly dis- 
turbed days, one does not get the same results. As the days immedi- 
ately before and after the eclipse were more disturbed than their neigh- 
bors, the assumption that part of the change during the day of the 
eclipse may be ascribed to a regular diurnal inequality derived from 
certain other days of the month involves a greater element of uncer- 
tainty than if no disturbance had occurred. 

1 Terr, Mag., V. 12, No. i, 1907, pp. 15-26. 
4 73 
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As to the disturbance element, the method of elimination, if I rightly 
understand it, would be satisfactory only if the disturbing forces perpen- 
dicular to the local magnetic meridian were at any given instant iden- 
tical at all the stations. But the stations, it must be remembered, were 
in different latitudes and longitudes, possessing considerably diflFerent 
declinations, whilst Stonyhurst and Philippeville are over 2000 kilo 
meters apart. Taking these points into account, it would seem to me a 
very remarkable thing indeed if the diurnal variation and the disturb- 
ance eflFects were wholly eliminated from the figures on pp. 20 and 21. 

Coming now to the data, at first sight there seems a truly remark- 
able coincidence between the time of occurrence of the minimum in the 
curves and that of totality at Philippeville, and again of the times of 
maximum and that of totality or central phase at the other stations com- 
pared. But it will, I presume, be allowed that if the phenomenon is an 
eclipse one, it should be repeated when we compare any two of the sta- 
tions. I had the curiosity to make this comparison in some cases, and 
the results are exhibited in the accompanying curves. The first curve, 
I, differs from that of Mr. Nordmann for Stonyhurst and Philippeville 
only in that it is drawn through all the observation points. The others 
are obtained by taking the diflferences between Mr. Nordmann*s columns 
on pp. 20 and 21. For example, Stonyhurst less Burgos=(Stonyhursf 
less Philippeville)— (Burgos less Philippeville). 

The eclipse was total at Burgos and Tortosa, and partial at Poissy. 
The portions of the three last curves near the time of totality are, it will 
be seen, wholly unlike the first of mine or any of Mr. Nordmann's 
curves. There is, it is true, a resemblance between curves I and II sim- 
ilar in kind to the resemblance between Mr. Nordmann *s curves, but it oc- 
curs between the hours of 1 1 and 12. This same resemblance would, I may 
add, appear in any comparison curves in which Stonyhurst plays a part. 
The explanation which I should give is simply that the method of elim- 
inating the disturbance element left largely uncompensated a movement 
on the Stonyhurst curve sufficiently pronounced to dominate bet^^-een 
the hours of 11 and 12 any disturbance element left in the figures from 
the other stations. But if the methods employed leave an uncompen- 
sated disturbance element at Stonyhurst between these hours, may they 
not have equally left a similar element at Philippeville between the 
hours of 13 and 14 or i and 2 P. M.? Having regard to the Stonyhurst- 
Burgos, Poissy-Tortosa, and Burgos-Tortosa curves, I think the proba- 
bilities are that at least a large part — possibly the whole — of the appar- 
ent eclipse effect which the cur\'es of Mr. Nordmann's fig. 3 show is 
simply the result of disturbance at Philippeville. 

It will, I hope, be clearly recognized that the above criticisms relate 
only to Mr. Nordmann's methods and deductions. These methods may 
be unsound, and yet an eclipse effect may exist. But supposing an effect 
of some kind to exist, there is no obvious reason why it should attain a 
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maximum at the precise instant of totality' or central phase, and alter 
very rapidly near that instant. If we accept the usual view that the 
diurnal inequality is due, at least mainly, to electric currents in the 
atmosphere, and that either the potential differences to which these cur- 
rents are due, or the electric conductivity of the medium or both, depend 




11 



12 13 14 

Paris Mean Time 



I {Stonykurst-Philippeville) ; II (Stonyhurst-Burgos); 111 Poissy-Tor- 
tosa); IV {Burgos-Tortosa). 

on solar radiation, it is natural to conclude that anything obstructing 
that radiation will produce some effect on the diurnal inequality. It 
must, however, be remembered that the regular diurnal changes, though 
most rapid during the day, do not show any symmetry about 12 noon, 
and are in progress the whole night through. Even the 24-hour term in 
the diurnal inequality does not generally have its maximum phase at 
noon. The increased activity of the diurnal changes at sunspot maxi- 
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mum, to which Mr. Nordmann alludes, is not peculiar to the day hours, 
but in England at least, as I have shown, seems relatively most pro- 
nounced at night and in winter. 

An increased conductivity of the upper atmosphere at the time of 
sunspot maximum is a view which I suggested myself some years ago, 
but the phenomena I have met with indicated that, so far at least as the 
diurnal inequality is concerned, the effect, however caused, persists for 
some time. Again it seems reasonable to suppose that the portion of the 
atmosphere where the hypothetical electric currents occur is at a height 
of the same order as, if not identical with, that where auroral phenomena 
exist. In temperate latitudes it is generally supposed that the seat of 
aurora is seldom less and usually considerably more than 50 kilometers. 
One would thus expect the diurnal inequality at any spot on the Earth's 
surface to be very appreciably influenced by currents whose horizontal 
distance is several hundreds of kilometers. Taking all these facts and the 
narrow extent of the band of totality of a solar eclipse into account, one 
would expect an eclipse effect, if one exists, to actually commence at a sta- 
tion before the eclipse begins there, and to endure some time after it ends, 
and not to show any specially sudden development at the precise time of 
totality.^ The phenomenon will naturally of course rise to a maximum, 
and the time during which its existence can be detected must depend 
upon the sensitiveness of the instruments. Thanks to the initiative of 
the Department of Research in Terrestrial Magnetism of the Carnegie 
Institution of Washington, a very large number of magnetic observations 
must have been taken during the eclipse, so that further discussion of 
data is probable. If any one should follow Mr. Nordmann's procedure, 
I hope he will test its conclusions in the way indicated above before 
finally accepting them. 

Richmond, Surrey, Nov. 27, /907. C. Chree. 



REGARDING THE MAGNETIC EFFECTS OF THE TOTAL SOLAR 
ECLIPSE OF AUGUST 30, 1905. 

I am pleased that Mr. Chree's remarks on the subject of my article in 
this Journal (March, 1907) afford me the opportunity of returning to this 
interesting question, and I beg to make the following observations: 

I. In the table on p. 20 (^loc. cit,) I give for various stations the differ- 
ences at each instant observed between the force which at each station 
tends to draw the needle to the east and the value of this same force at 
Philippeville. I give the values of the forces in terms of o.i of my unit 
which is equal to 0.147- Mr. Chree assumes that I guarantee the exact- 
ness of these values to the nearest o.i of this unit; one will find 
nowhere in my article any such contention. I have measured, as is 

1 This was shown by me to be the nature of the eclipse magnetic effect (Of T. M., 
Vol. V, p. 165 and Vol. VII, pp. 189-192.)— L. A. B. 
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usual, the ordinates of the various curves of declination to the nearest 
0.1 mm., next, as I have indicated {loc. cit. p. 19), and in order to make 
all of the curves comparable one with the other, I have multiplied re- 
spectively the ordinates by the proper factors in such manner, if I may 
thus express myself, " as to reduce them to the same horizontal compon- 
ent ". Now these factors reduced for the times from the values of //for the 
diflferent stations and from the angular values of the curves in milli- 
meters are none of them integral numbers, but fractional. I have thus 
naturally given the values of the table in question to the nearest o.i of 
my unit ; as it is always the custom in like cases, I have not felt author- 
ized to drop the last decimal which results from the measures and cal- 
culations for the diflferent times for fear of introducing new errors. 

2. I have moreover (loc, cit. p. 20) applied to the diflferent curves, in 
order to render them strictly comparable, small corrections determined 
experimentally in such a manner as "to reduce the curves to the same 
phase of their diurnal variation". In this connection Mr. Chree has fallen 
into an error in supposing that I have determined the corrections by 
means of all of the curves of the days near the eclipse (of which certain 
ones were very much disturbed). In reality as is natural and customary, 
I have calculated them from the means of only the quiet curves for the 
epoch considered. Mr. Chree*s arguments on this point are entirely cor- 
rect, but they are based upon an erroneous assumption. I may be per- 
mitted, therefore, to pass this criticism without further comment. 

3. Mr. Chree thinks that the process I have employed to eliminate 
from the measures the possible influence of the perturbation not con- 
nected with the eclipse (and which consisted in taking the diflferences of 
the ordinates of the various reduced curves as has previously been said) 
would not eliminate perfectly this perturbation. I would readily 
acknowledge this, for nothing is perfect in such delicate matters as 
these, but I think and maintain that : being given an irregular perturba- 
tion which affects generally all of the stations considered and which 
causes the various features to occur simultaneously and has sinuosities 
nearly identical in form at each station (see p. 18 loc. cit.), that the most 
inportant part of this foreign perturbation may be eliminated by the 
" method of diflferences" which I have employed. 

4. Mr. Chree appears to be surprised that the curves of diflferences 
given by him in his diagram, viz. II, III & IV — Stonyhurst-Burgos, 
Poissy-Tortosa, Burgos-Tortosa (which I will call diflferences No. 2) — do not 
evidence clearly the phenomenon which results from my diflferences : Bur- 
gos-Philippeville, Tortosa- Philippe ville, Poissy-Philippeville, and Stony- 
hurst-Philippe ville (which I will call diflferences No. i). Now there is 
clearly nothing there which need cause surprise : if one admits, as is nat- 
ural, that the diflferences between the magnetic eflfects at two stations at a 
given moment of the eclipse are nearly proportional to the diflferences 
between the intensities of the solar radiation at the two stations at this 
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moment (see my article pp. 23, 24), that is to say, dependent on the 
interval of time which would separate totality at these two stations, one 
sees immediately that these intervals are about four times more feeble 
for the differences No. 2 of Mr. Chree than for the differences No. i which 
I have studied. And one may deduce immediately in taking account of 
the results which have furnished these and by a simple proportion that 
the differences No. 2 ought to correspond to a variation in the magnetic 
declination of the order of 0^2. Since (as Mr. Chree himself recalls) one 
seldom measures the curves to the nearest o''.i, it should therefore not 
occasion astonishment that the curves No. 2 do not clearly put in evi- 
dence the phenomenon shown by my differences (No. i) for which the 
effect is about four times greater. 

Mr. Chree does not appear to be convinced that the apparent effect of 
tiie eclipse as placed in evidence by my curves may really be produced 
by the eclipse. It may sufl&ce in conclusion to recall that Messrs. R. 
Cirera and A. Nippoldt, each independently and by different and distinct 
methods from mine, have arrived at an analogous result, viz., that the 
eclipse of August 30, 1905, for the stations studied, was accompanied by 
a retrogression of the magnetic needle towards its mean position.^ 

Ch. Nordmann. 

Observatoire de Paris, April i, 1908. 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHELTEN- 
HAM MAGNETIC OBSERVATORY. 
January i-March 31, 1908. 



Greenwich Mean Time 




Range 






Beginning 


Ending 


D 


H 


z 




Day 


h m 


Day 


h 


/ 


y 


y 




January 9, 


I 51 


January 9, 


22 


18.5 


95 


36 




February 3, 


8 .40 


February 8, 


2 


20.0 


99 


39 




February 22, 


12 22 


February 24, 


17 


19.3 


91 


53 




February 29, 


8 42 


March 5, 


3 


26.1 


114 


80 




March 26, 


9 20 


March 29, 


24 


50.8 


220 


380 





J. E. BuRBANK, Observer-in-Charge. 
O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey, 

1 R. Cirera: Memoirs del' Observatoire de I'Ebro, No. i, pp. 43, 44. A. Nip- 
poldt: Physikalische Zeitschrift, April i, 1906. 
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RECENT DETERMINATIONS OF THE SOLAR CONSTANT OF 

RADIATION. 

By C. G. Abbott and F. E. Fowi,e, Jr. 

[Author's Abstract] 

The present volume^ is an account of the work of the Astrophysical 
Observatory of the Smithsonian Institution from 1900 to 1907, with de- 
tails of the investigations made, the apparatus and methods used, and 
the results obtained. 

Speaking broadly, the investig:ation relates to the intensity of the 
rays of the sun and the dependence of the Earth's temperature thereon. 
The subject is treated in three parts : First, the amount of the solar 
radiation as it would be found if measured outside the Earth's atmos- 
phere, at mean solar distance, or, as is often termed, " the solar constant 
of radiation ;'* second, the dependence of the Earth's temperature on the 
amount of solar radiation; third, the difference in brightness between 
the center and edge of the sun's disk and its relation to the quantity of 
solar radiation received by the Earth. 

The work is not limited to a determination of constants of nature, 
for the possibility was early recognized that the radiation of the sun 
might be far from uniform, so that the '• solar constant of radiation " 
might prove to be a mean value about which the intensity of the solar 
beam would be found to fluctuate very perceptibly from time to time. A 
principal aim of the work has therefore been to prove whether such 
fluctuations of the quantity of solar rays do exist, and if so what may 
be the magnitude of the changes, their effects on climate, and their 
causes. For these purposes the measurement of the intensity of solar 
radiation and of the distribution of brightness over the disk of the sun 
have been made as often as possible for several years, and a study of the 
variation of temperature for the last thirty years at about fifty stations 
scattered as widely as possible over the inland areas of the world has 
also been made. 

A part of the measurements have been made in Washington, and 
therefore practically at sea-level, and a part at Mount Wilson in Califor- 
nia at about 1,800 meters, or nearly 6,000 feet elevation. The radiation 
of the sun has been studied not only in the total, but also as dispersed 
into its spectrum, and not only with regard to the rays visible to the eye, 
but also with regard to the rays whose wave-length is too long or too 
short to affect the eye. For all these different rays the Earth's atmos- 

1 Annals of the Astrophysical Observatory of the Smithsonian Institution, Vol- 
ume II, by C. G. Abbott, Director, and F. E. Fowle, Jr., Aid, pp. 234-237. 
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phere has different degrees of absorption, or of diffuse reflection, and in 
the course of the work the transparency of the Earth's atmosphere for 
many different rays has been extensively investigated. The reflecting 
powers of the clouds and the air have been measured, and also the 
quality of sky light as regards the relative intensity of its rays of differ- 
ent colors. 

We use as our unit of measurement that intensity of radiation which, 
when fully absorbed for one minute over a square centimeter of area 
placed at right angles to the ray, would produce heat enough to raise 
the temperature of a gram of water i° centigrade. This unit is termed 
I calorie per square centimeter per minute.' 

The mean result of 130 measurements conducted on Mount Wilson 
in the summer and autumn months of r905 and 1906 fixes the intensity 
of solar radiation outside the atmosphere at mean solar distance as 
2.023 calories per square centimeter per minute. 

The mean result of 41 measurements at Washington from 1902 to 
1907 is 2.061 calories. 

It is probable that the mean result of such measurements, if conducted 
for a long term of years, would be higher, and the probable mean value 
of the '* solar constant" may be estimated in round numbers at 2.1 calo- 
ries per square centimeter per minute. 

Expressed in another way, the solar radiation is capable of melting 
an ice shell 35 meters (114 feet) thick annually over the whole surface of 
the Earth. 

The results of Langley, while seemingly in contradiction of these, in 
reality support them. For, as he states on page 211 of the Report of the 
Mount Whitney Expedition, his value (3 calories) for the " solar con- 
stant" depends upon an allowance which he made for apparent "system- 
atic error in high and low sun observations at one station," of such a na- 
ture as becomes manifest *' by calculating at the lower station, from our 
high and low sun observations there, the heat which should be found at a 
certain height in the atmosphere ; then actually ascending to this height, 
and finding the observed heat there conspicuously and systematically 
greater than the calculated one." As shown in Chapter VII, Part I, of 
the present volume, this seeming discrepancy arose from a misapprehen- 
sion of the requirements of the calculations. In fact there is no such 
systematic error, no correction for it should have been applied by Lang- 
ley, and the best mean value of his experimental determination of the 
"solar constant" at Mount Whitney and Lone Pine is 2.14 calories per 
square centimeter per minute. 

Substantial agreement as to the magnitude of the "solar constant" 
is therefore reached by observations at sea-level, at 1,800 meters and at 
3,500 meters elevation. 

'As stated in Chapter II of Part I it is possible that the numerical results given 
are about 1.5 per cent above what this absolute scale would indicate. 
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The solar radiation is far from being constant in its intensity. The 
values determined on Mount Wilson range from 1.93 calories to 2.14 cal- 
ories, and those in Washington from 1.89 calories to 2.22 calories. A 
change of the intensity of solar radiation of 3>^ per cent, due to the 
decrease in solar distance, occurs from August to October, and this is 
readily discernible in the work done on Mount Wilson; so that there 
can be little question that the large changes noted there are really solar 
changes and not of atmospheric or accidental origin. 

The reality of the supposed solar origin of the changes of radiation 
observed, is attested by many other evidences stated in Chapter VI, 
Part I, and Chapter III, Part III. 

The temperature of the Earth is shown to be in good agreement with 
the assumed value of the "solar constant," 2.1 calories. Indeed it is 
shown that unless the albedo, or reflection, of the Earth exceeds 37 per 
cent (a value here determined for it and based on observations at Wash- 
ington and Mount Wilson), then the mean value of the '* solar constant" 
can not exceed 2.33 calories, else the Earth must be a better radiator 
than the '* absolutely black body " or perfect radiator. 

It is shown that the surface of the Earth can radiate only very slightly 
to space on account of the interference of clouds and water vapor to 
terrestrial radiation, and that the substance which maintains the Earth 
at nearly constant temperature, by emitting to space radiation equal to 
that received by the sun, is principally the water-vapor layer at 4,000 to 
5,000 meters in elevation, whose mean temperature is 10° or more below 
o°C. 

There is introduced the conception of a " hypothetical Earth," sim- 
ilar in dimensions and motions to the real Earth, but hollow and like a 
soap bubble in thickness of wall; perfectly absorbing for solar radiation, 
and a perfect radiator for long waves; perfectly conducting for heat 
along parallels of latitude, but perfectly non-conducting along meridians 
of longitude. The temperature of this *' hypothetical Earth " is calcu- 
lated for all times of the year, and for all latitudes, by aid of the known 
value of the "solar constant" and the laws of radiation of perfect 
radiators. 

A comparison is made between the annual march of temperature of 
the "hypothetical Earth" and the observed annual march of temperature 
for 64 stations on the real Earth. It is thereby shown that a given frac- 
tional change of solar radiation running its cycle in a year produces 
one-fourth the given fractional change in the absolute temperature of the 
" hypothetical Earth," one-fourteenth of the given fractional change in 
the temperature of most inland stations, one-twenty-fiith for coast sta- 
tions, and one-fiflieth for small islands in great oceans. For a fluctua- 
tion of 5 per cent in solar radiation, having a period of about a year, 
there would be produced a change of only about 1° C. in the mean tem- 
perature of inland stations, and only about o°.3 C. for island stations, 
5 
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The effects of more rapid changes of solar radiation would be less readily 
discernible in their effects on mean temperature, but may neverthe- 
less be of meteorological importance as promoters of atmospheric circu- 
lation. 

From a comparison extending over 30 years, of the temperatures of 
47 stations well distributed over the land surface of the Earth, it ap- 
pears possible that changes of solar radiation do produce, not infrequently, 
well-marked and recognizable changes of temperature over the continen- 
tal area of the world. Such changes of temperature would be predictable 
if accurate measurements of the solar radiation were systematically con- 
tinued at a few favorable stations. 

Numerous measurements of the comparative brightness of the cen- 
ter and edge of the solar disk indicate that the observed changes in solar 
radiation are attended by a variation of the transparency of the solar 
envelope, and perhaps are caused by it. 

Many results of observations not here enumerated, such as the mean 
transparency of the upper and lower strata of air, the reflecting power 
of the clouds, the probable temperature of the sun, and the quality of 
the radiation of sun-spots, will be found set forth both in words and by 
charts, and also a full description of the apparatus and methods employed 
for the various kinds of research, and the sources and magnitude of 
the errors attending their use. 
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NOTES 



Activity in Magnetic Work 

1. CANADA. Both Professor Stupart and Dr. King are arranging 
to put magnetic parties in the field this summer in continuation of their 
work of 1907. 

2. MEXICO. The two magnetic parties put in the field by the 
Director of the Tacubaya Observatory (Seiior Felipe Valle)^ observed the 
three elements at 70 stations, in Mexico 1906-7, the results of which 
have been courteously supplied to the Department Terrestrial Magnetism. 

3. NEW ZEALAND. In addition to the magnetic work in the 
Auckland and Campbell Ids (the results of which have been furnished 
for publication with commendable promptness — see current issue), the 
New Zealand government, in further co-operation with the Magnetic 
Survey of the Pacific Ocean, fitted out an expedition to the Chatham 
Islands, where Messrs. Skey and Kidson observed at a number of stations 
in March and April of this year. 

4. CARNEGIE INSTITUTION OF WASHINGTON Upon re- 
turn of the ** Galilee " to San Francisco (see p. 63), the vessel was turned 
over to her owners on June 6th. Plans are now being drawn for a ves- 
sel — the Carnegie — specially built and adapted for ocean magnetic work. 
The vessel will probably be constructed somewhere on the Atlantic 
Coast, and be ready for the resumption of the ocean work — this time in 
the Atlantic Ocean — towards the middle of 1909. 

Professor f. C Beattie has been appointed by the Carnegie Institu- 
tion, Research Associate of the Department Terrestrial Magnetism, 1908- 
09 and will leave Capetown at the end of the y^ar for magnetic work in 
certain unexplored regions of Africa. 

Observer /. C. Pearson left Washington in February, and after com- 
pleting comparisons at the Kew Observatory made magnetic observa- 
tions at Constantinople, Alexandria, Port Said and compared his instru- 
ments at the Helwan Magnetic Observatory near Cairo, Eg3T)t. Return- 
ing once more to Constantinople, he proceeded to Persia, via Baku and 
Tiflis (where he made comparisons in June). Upon completion of the 
work in Persia, he expects to make magnetic observations in various 
parts of Asia Minor, Palestine and Syria. 

Observer H. W. Fisk will make magnetic observations July i-De-. 
cember 31, chiefly in British, Dutch and French Guiana (South America)- 

Observer E. Kidson (at one time assistant at the Christchurch Mag- 
netic Observatory) entered the employ of the Department March ist 
After assisting Mr. Skey in the magnetic survey of the Chatham Is- 

icy. r. Ji/., Vol. XII, p. 38. 
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lands, he reported at Washington early in June. In July he will leave 
for magnetic work in South American countries, at first in Ecuador and 
Columbia. 

Observers /. P. Ault and C. C. Stewart left Washington in June for 
magnetic work in the provinces of Manitoba, Saskatchewan and Alberta, 
Canada. 

Observer C C Craft will accompany Commander Peary's auxiliary 
ship — the Eric — leaving Sidney, Cape Breton, early in July. Observa- 
tions are to be made at various points in Ladrador, Baffin Land and 
Greenland as far north as Etah. 

Arrangements are also being made to secure in co-operation with the 
Canadian Government, magnetic observations on the i8-months' cruise 
of the Canadian Str. Arctic (formerly the Gatiss)^ among the Arctic Islands 
north of the Magnetic North Pole. 

[As the Journal is passing through the press, it may be stated that 
the arrangements have been perfected. Mr, W, E. W. Jackson, an ex- 
perienced magnetic and meteorological observer of the Canadian Meteor- 
ological Service {R. F. Stupart, Director), has been graciously detailed, 
by the Honorable Minister of Marine and Fisheries, to duty on the 
'''Arctic!'* Magnetic, meteorological, electric, and tidal observations will 
be attempted. Dr, Bauer recently visited the Arctic at Quebec, com- 
manded by Captain J. E. Bemier, and arranged with him and Professor 
Stupart at Toronto regarding the magnetic and electric instruments and 
accessories to be supplied by the Department Terrestrial Magnetism and 
as to the methods of work advantageously to be foUowed. It was de- 
cided to confine the magnetic work chiefly to work ashore and on the ice.] 

5. PERSONALIA. The death of Lieut.-Col. R. L, /. Eliery, for many 
years director of the Williamstown and Melbourne Observatories, 
occurred on January 16. Col. EUery had retired from the post of 
director of the Melbourne Observatory in 1895. 

Sir. John Elliot, F. R. S,, director general of Indian Obsevatories and 
meteorological reporter to the governor of India from 1886 to 1903, 
died at the age of 58 years. 

Professor St. C. Hepites, owing to the decision of the government to 
place the Meteorological Service under the Astronomical Observatory, 
having transferred it from the Agricultural Department against his 
wishes, has severed his connection with the Meteorological Service. 
He adds that he will continue to be interested in the work in which he 
has heretofore been engaged. 

Dr. Gustaf Melander has been appointed director of the Institut 
Meteorologique Central de la Soci^t6 des Sciences de Finlande beginning 
with Jan. i, 1908, in succession to Dr. Ernst Biese, who resigned the 
directorship on July i, 1907. 

Captain Adolf Sobieczky has succeeded Admiral Richard Dreger, re- 
tired, to the directorship of the " K. u. K. Hydrographisches Amt," Pola. 
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ABSTRACTS AND REVIEWS 



Dr. W. VAN Bbmmelbn : Registration of earth currents at Bataviafor the 
investigation of the connection between earth current and force of earth 
magnetism. Kon, Akad v. Wetenschappen, Amsterdam. Proceedings 
of the meeting of Saturday, fan. 25, igo8. Pp. 5i2-S33' 

Die Erdstrombeobachtungen, deren Resultate in der 22 Seiten um- 
fassenden Abhandlung wiedergegeben werden, stammen aus dem Zeit- 
raum 1905, Marz — 1907, October. Sie sind zum grossten Theile 
Registrirungen ; zur Erganzung wurden stiindliche Ablesungen vorge- 
nommen. Es wurden im ganzen 6 I^inien fur den Ost-West Strom ver- 
wendet von den Langen zwischen 78-1486 Km. und 3 Linien fur den 
Nord-Siid Strom von d. Lange : 46, 84 und 392 Km. Ausser den Regis- 
trirungen um statistische Resultate zu erlangen, wurden auch Experi- 
mente angestellt, um den eventuellen Einfluss des Leitung-Materials 
und des Polarisationstromes festzustellen. 

Die Registrirung der Erdstrome konnte nur bei Nacht stattfinden, 
da die Linien nur dann zur Verfugung standen, und die Tageswerthe 
mussten durch stiindliche Ablesungen verschafit werden. Obgleich 
hiedurch die Daten, welche zur Ableitung des taglichen Ganges des 
Erdstromes dienten, an Homogeneitat einbiissen, konnten doch fiir den 
taglichen Gang ganz brauchbare Resultate erhalten werden. Zur Ablei- 
tung des taglichen Ganges wurden die Beobachtungen auf der Linie 
Cheribon-Batavia (E 18° S, 200 Km. Entfemung) benutzt. Es wurden 
die magnetisch ruhigen Tage ausgewahlt und die Erdstrom-Variationen 
an diesen Tagen mit der Variation der auf die Linie senkrechten Kom- 
ponente der erdmagnetischen Kraft (aus den Diagrammen in Buitensorg) 
verglichen. Als Hauptresultat dieser Vergleichung kann Folgendes 
ausgesprochen werden: die Erdstrom-Variationen entsprechen den 
magnetischen Variationen derart, dass letztere als durch die ersteren ver- 
ursacht betrachtet werden konnen, die Anderungen der erdmagnetischen 
Kraft erscheinen im Vergleich zu denen der Erdstrome verspatet, und 
endlich das Verhaltnis der Amplitude der Erdstromwellen zu jener der 
erdmagnetischen Wellen nimmt mit zunehmender Periode der Welle ab. 
Wendet man die harmonische Analyse an, so ist dieses Verhaltniss von 
der ersten bis 6-ten Welle bezw. 4.0, 5.7, 9.4, lo.o, 13. i, 15.7 ; die Phasen- 
difFerenz nimmt bis zur 5-ten Welle zu (von 13° bis 47°), im nachstfolgen- 
den Glied fallt sie wieder auf 23°. 
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Der jahrliche Gang der taglichen Variation der Erdstrome konnte als 
iibereinstimmend mit jenen der erdmagn. Variation in Batavia nach- 
gewiesen werden, namlich Maxima in Marz und September, Minima in 
Januar und Juni. Das hierzu verwendete Beobachtungsmaterial ist zwar 
liickenhafl, doch erscheint das Resultat ziemlich gesichert. 

Die Beobachtungen von Nov. 1905 an wurden hauptsachlich zur 
Verfolgung der Wellen von kurzer Periode verwendet. Neben den 
Erdstromaufzeichnungen wurden die magnetischen Variationen regis- 
trirt, u. zw., gewohnlich mit einer Geschwindigkeit, welche Wellen von 
0.2—0.3 Min. halber Periode auszumessen gestatteten, an manchen 
Nachten noch schnellere Registrirung (4 mm. = i min.) Es zeigen 
sich hier wieder die Hauptresultate, welche beim taglichen Gauge fiir 
den Zusammenhang zwischen Erdstrome und magnetische Variationen 
charakteristisch erschienen, namlich dass der Erdstrom der erdmagneti- 
schen Variation voraneilt und dass das Verhaltniss der Amplituden mit 
abnehmender Periode zunimmt. Doch erscheint der Zusammenhang bei 
den NS StrSmen und der darauf senkrechten Kraftkomponente nicht so 
klar und entschieden, wie bei den WO Stromen [eine Erscheinung, die 
bei vielen Erdstrombeobachtungen auftritt. Ref.] Die Phasendifferenz 
in der I^inie Batavia-Cheribon (E 18° S, 200 Km.) und Batavia-Billiton 
(Ni3°E, 392 Km.) ist fur die kurzen Wellen nahe dieselbe, wie fur 
die tagliche Variation (22° — 28°) ; fur die iibrigen Linien variirt sie 
zwischen 14° — 36°. Das Verhaltniss der Amplituden betreffend erscheint 
auch hier — wie erwahnt— die obige allgemeine Regel, doch scheint es» 
dass die Zunahme des Amplituden-Verhaltnisses mit abnehmender 
Periodendauer bei der Welle von etwa i Min. Dauer ihr Maximum 
erreicht, und ausserdem von der Amplitude selbst abhangig ist u. zw., 
bei derselben Periode mit abnehmender Amplitude zunimmt. Es hat 
den Anschein, als ob die Wellen von kurzer Dauer allmahlig in jene von 
langerer Dauer (die 6 Wellen des taglichen Ganges) iibergingen. Die 
verschiedenen verwandten Leitungslinien wiesen merkwiirdige Einzel- 
heiten auf, auf welche wir hier nicht naher eingehen konnen. 

Das Material der I^eitung hat auf die Aufzeichnungen des Erdstromes 
keinen Einfluss, was durch Vergleichung der Registrirungen wischen 
Cheribon und Batavia mit Kupfer — und Eisendrahtleitung sich feststellen 
Hess. Da die Vermuthung begriindet erscheint, dass die beobachtete 
Verspatung der erdmagnetischen Variation und das mit zunehmender 
Periodendauer abnehmende Amplituden verhaltniss durch den Polarisa- 
tionsstrom der Platten verursacht werden konnte, wurden Beobach- 
tungen angestellt, um die Grossenordnung dieser storenden Ursache 
festzulegen. Es wurde be wiesen, dass sie viel zu gering ist, (in der 
Amplitude auch manchmal entgegengesetzt wirkend erscheint), um die 
oben enthaltenen Regelmassigkeiten zu erklaren, mithin sind dieselben 
in der Natur der Erdstrome begriindet. 
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Von der Schusterschen Anschauung iiber die erdmagnetische 

tagliche Variationen ausgehend, wenn S = s. sin 2 r — die Intensitat der 

elektrischen Strome in den oberen Luftschichten darstellt, kann durch 
einfache ttberlegung fur die beobachtete Komponente der erdmagneti- 

schen Variation die Formel: A'= (i + r^) /"(^T) sin 2 r -= abgeleitet wer- 

den, wo (/ das Verhaltniss jener zwei X Komponenten bedeutet, wovon 
die eine die direkte elektromagnetische Wirkung der in den oberen 
Luftschichten vorhandenen Strome ist, die andere die Wirkung der von 
diesen Stromen in der Erdkruste inducirten Strome. Der in der 
Erdkruste verlaufende Erdstrom setzt sich aus den schon erwahnten 
inducirten Stromen und demjenigen Theil der oberen Strome zusammen, 
welcher mittelst vertikaler Strome in der Erdkruste sich schliesst und 
dieselbe Richtung hat, wie der inducirte Strom ; aus diesen zwei Theilen 
findet Verfasser durch einfache Uberlegungen fiir den Erdstrom : 

ist die Leitungsfahigkeit der oberen Luftschichten, / (sT) und 
f {sT) sind zwei, uns hier nicht naher interessierende Functionen der 
Grosse und Periode der Strome in den oberen Luflschichten. Fiir nicht 
zu grosse (± 23°) Phasendifferenzen erhalt Verfasser fur das Amplituden- 
verhaltniss 

fl — r ^ J. • 

A- '" I + ^ r 

irzer Dauer — r-> ns 
man Proportionalitat mit -=.. Die Beobachtungen hingegen ergeben 



Da fur Wellen von kurzer Dauer — r-> nahezu konstant ist, erhalt 



I 



Proportionatitat theils mit 4 _ , theils mit 8 _ . 

l/T i/T 

In den verschiedenen Linien wurden betreflFend der Intensitat und 
der Phase des Erdstromes Verschiedenheiten gefunden, die nur theil- 
weise durch die verschiedene I^eitungsfahigkeit des Bodens erklart 
werden konnen. 

tjber Einzelheiten soil auf die Original-Abhandlung verwiesen wer- 
den, welche einen sehr wichtigen Beitrag zur Frage des Zusammen- 
hanges zwischen Erdstrome und magnetischen Variationen bildet. 

ly. Steiner. 
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CiRKRA ET Barcells. Remorques sur le rapport entre ractiviU solaire 
et les perturbations magnitiques} 

The authors report in this paper on the continuation of their studies 
as to the relation between solar activity and magnetic disturbances based 
upon consideration of six months' data (April to September, 1906) at 
rObservatoire de I'Ebre. The general conclusions of the paper are as 
follows : 

(a) There is very probably the relation of cause and effect between 
solar disturbances and magnetic perturbations, which confirms the 
generally admitted belief. 

(b) The solar influence is exercised usually in two directions, the 
first very nearly radial and the second very nearly at a tangent ; this is 
in accord with the laws of Marchand and Veeder. 

(c) At times the perturbating solar influence is propagated in 
directions forming an angle with the radial direction, this being the 
case with great increases in solar activity. J. A. Fleming. 



Meyermann. Uder eine eventuelle Korrektion der Reduktionsconstanten 
eines magnetischen Theodolitenr 

Dr. Mej-ermann discusses in this note the corrections necessary on 
account of weighting of one side of magnetometer by magnet without 
counterweight on opposite side in deflection observations causing (a) 
displacement of top of suspension and (b) flexure of deflection bar alter- 
ing effective horizontal deflecting distance. The effect of (b) in a 
properly proportioned bar is nil. The effect of (a) owing to resulting 
displacement of suspended magnet by an amount dependent upon length 
of suspension is of appreciable amount. In the case of the base instru- 
ment (Bamberg No. 1849) used at Wilhelmshaven A log C= + 0.000055 

Mog C= — 8 — j corresponding to 0.000023 C. G. S. in the case of 

H = 0.18 C. G. S. The author also discusses error arising from same 
effect not being taken properly into account in determination of constant 
k in the above formula by Lamont's method, but in the specimen case 
finds A log C so small as to be negligible. 

To the reviewer it appears that such effects and corrections may be 
eliminated once for all by proper care in mechanical construction, 
proportion, and by the addition of a suitable movable counterweight. 

J. A. Fleming. 

^"Comptes Rendus," Nov., 1907. 

^ Annalen der Hydrographie und Maritimen Meteorologie ; Heft I, XXXVI 
Jahrg. (1908). Pp. 36-37. 
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VOLUME XIII SEPTEMBER, 1908 number 3 

THE EARLIEST VALUES OF THE MAGNETIC 
DECLINATION. 

By L. a. Bauer. 

The exhaustive and painstaking researches of the late Timoteo 
Bertelli, on the discovery of the fact that a magnetic needle does 
not point precisely north and south, but makes an angle with the 
true meridian, appeared to have settled the question as to whom 
chief credit was to be given, viz., to Christopher Columbus. 

While accepting Bertelli's conclusion, the noted meteorologist 
and bibliographer, Gustav Hellmann, reached the opinion in his 
"Die Anfange der Magnetischen Beobachtungen, Berlin, 1897,'*^ 
from a study of early sun-dials, that '* it was the construction of 
sun-dials which first brought those on land to a true perception of 
the declination of the magnetic needle from the astronomical me- 
ridian and not the discovery of Columbus, of which nothing ap- 
peared in print.** 

In the early part of the sixteenth century, Nuremberg was the 
center for the manufacture of sun-dials provided with compass 
needles which found a ready market not only in Germany, but also 
in many other countries. Georg Hartmann, who resided in Nu- 
remberg from the year 15 18 until his death, was one of the most 
famous of these makers of sun-dial compasses "or compass mak- 
ers,** as they were called. Hartmann was in Rome about 15 10, and 
appears to have made there one of the first determinations of the 
magnetic declination on land, finding that the needle pointed 6° 
east of North, but he apparently did not make this discovery 
known until in a letter written March 4, 1544, to Count Albert of 
Prussia. In this same letter he also states that at Nuremberg the 
needle points 10°, and "at other places more or less.** On an ivory 
sun-dial found by Le Monnier in the collection of Prince de Conti, 

1 Translated by Mrs. Iv. A, Bauer in Terrestrial Magnetism^ vol. IV, 1899, pp. 
73-86. ( ' ' The beginnings of magnetic observations. ' ' ) 
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and constructed by Hieronymus Bellarmartus, reproduced by Hell- 
mann in the article cited, it is shown that the magnetic needle at 
Paris pointed in 1541 about 7° East — this being the oldest known 
value at Paris. 

However, all these references refer to events after the voyage of 
Columbus (1492) during which the knowledge of the magnetic 
declination, according to Bertelli, came to light. 

Thanks to the searching and critical investigations of Wolken- 
hauer,^ there has been brought to light since Hellmann's paper, 
the existence of three of these sun-dial compasses constructed /r/V7r 
to 1492; the most important of these is the one of 1451 in the Mu- 
seum Ferdinandeum at Innsbruck which Hellmann himself in- 
spected and exhibited at the meeting of the International Meteoro- 
logical Conference at Innsbruck, 1905. Hellmann was able to 
secure a better photographic reproduction than that contained in 
Wolkenhauer's admirable paper, and it is from Hellmann's account* 
that the illustration accompanying the present article is taken of 
the natural size of the sun-dial. The glass cover, hinged lid, and 
compass needle were purposely removed by von Wieser of Inns- 
bruck, who took the photograph, in order that the marks at the 
bottom of the box might be clearly shown. 

This pocket sun-dial with compass, of 145 1, consists of the 
hour dial proper with inserted compass box provided with glass 
cover and a hinged lid which upon being opened stretched the 
shadow thread. The year of construction, 1 451, is inscribed at the 
lower end of the lid. The full hours of the sun-dial, running from 
5 A. M. to 7 P. M., are marked by deeply engraved lines, the half- 
hours being shown by dots. On the rim of the compass box are 
indicated by medieval letters the cardinal directions S (Septentrio, 
North), Or (Oriens, East), M (Meridies, South), Oc (Occidens, 
West). The instrument is made of copper (or bronze), gilded and 
decorated with a black, enamelled imperial eagle. According to 
Hellmann, there appears to be no question that this interesting 
sun-dial was made in Nuremberg, and that it is probable it was 
designed for Emperor Frederick III, who lived between 1415 and 
1493, and was greatly interested in scientific matters. 

With this brief description, we now pass on to that which is of 

1 WoLKBNHAUER, A. Beitrage zur Geschichte der Kartogrraphic und Nautik des 
15. bis 17. Jahrhunderts Inaug. Diss. Un. Gottingen, Munich (F. Straub), 1904. Pp. 
80 and 12 figs. 

* Hellmann, G. Uber die Kenntniss der magnetischen Deklination vor Chris- 
toph Columbus. Meteorol. Z. S. April, 1906, pp. 145-149. 
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prime interest to the magnetician. There will be seen in the illus- 
tration a dark, heavily engraved line, forked to the left of the letter 5, 
this line, it is believed, indicating the direction, about ii° East, of 
the compass needle with reference to the true North at the time 
the instrument was made. The indications are strong that this 
line was really engraved at the same time as the hour lines. 
Whereas, the three marks or lines to the right of the S show ap- 
parently without doubt that they were made at different subse- 
quent periods in an unskilled manner, by a future possessor. The 
most deeply cut of these three subsequent lines is the first one, at 
about 4° to 5° West. It is plausible to suppose that these three 
additional lines again indicate the direction of the compass needle 
at the time they were cut, for the westerly progression of these 
supposed compass directions harmonizes well with the known facts 
to date. 

In view of the fact that the art of making compass sun-dials, judg- 
ing from the specimen of 145 1, had already reached a very high state 
of perfection in the middle of the 15th century, Hellmann plausi- 
bly argues that the originally inscribed supposed compass direction, 
11° East, may have had a still earlier origin. He finds that a sec- 
ond specimen possessed by the Bavarian National Museum in Mu- 
nich, dating from the year 1456, and very probably by the same 
maker, likewise has engraved a line showing about 11° East. 

Thus far I am quite ready to accept the finds and deductions 
of Wolkenhauer and Hellmann, but I fear they may both be laying 
too much stress upon the bearing of these finds on the' question as 
to the priority of the discovery of the terrestrial iosiX., "that a com- 
pass needle only at certain places points *true to the pole' (or 
North)." 

As a matter of fact, the Nuremberg "compass makers" persisted 
far into the sixteenth century in marking a line pointing about 11° 
East, and no references have thus far been found showing that 
they actually made observations to test this fact except those like 
Hartmann's, cited above, which were made subsequently to those 
of Columbus. Wolkenhauer himself acknowledges that the early 
"compass makers" regarded the magnetic declination as an error 
peculiar to the iyistrument and shifted the compass rose accordingly. 
He says, p. 54 of the publication cited: "Die Kompassmacher 
hielten aber, wie damals iiblich, die Abweichung fiir einen Fehler 
des Instruments und * verbesserten ' sie. So kam es dann,- dass die 
Kompasse aus Orten vershiedener Abweichung etwas verschieden 
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zeigten." Wolkenhauer gives a very valuable summary of the 
errors of the early compasses according to the country or place from 
which they originated. Correct as his scholarly and critical remarks 
may be, they but support the contention : That the establishment of 
the magnetic declination as c^ scientific^ world-wide fcLct can not be 
ascribed^ as far as our present kfiowledge goeSy to the makers of the 
early sun-dials. 

Consider what would be necessary to establish this scientific 
fact to-day. Would any one now be credited with the discovery of 
the " magnetic declination" who merely observed that at a particular 
place, a particular compass did not point due North? Certainly 
not; we should want him to make an exhaustive examination ot 
his instrument and his locality, require him to experiment with 
different compasses and of different makes, assure us of no dis- 
turbing influence due to impurity of metal in the box or in the 
vicinity, and even then would defer our decision until others had 
observed similar facts in other regions. Recall how Robert Nor- 
man undertook to prove the fact of the magnetic inclination in 1576. 
No such similar valuable and painstaking investigations as those 
Norman made to prove that the dip of the needle was not a pecu- 
liarity or error of any particular needle, were made, as far as known, 
by any of the early ** compass makers.'* Hartmann's work alone 
stands out, but as stated, his observations were subsequent to those 
by Columbus. It may be recalled that it was the Englishman* 
Norman, also who gives us one of the very best investigations and 
summaries of the errors of the early compasses constructed in 
the belief that the magnetic declination was an error of the instru- 
ment and not a world fact. 

I am, however, quite willing to concede that the facts which 
gradually came to light with the use of the early compass sun-dials 
helped materially in the final and undisputed establishment of the 
fact of the magnetic declination, but I still must believe, as the 
present facts stand, that chief credit for the discovery should be 
given to the early ocean voyages, chief of which were those of 
Columbus at the end of the 15th century, and those of Joao de 
Castro, 1 538- 1 54 1. It was such voyages that were absolutely nec- 
essary to settle the question that the magnetic declination was not 
a ** peculiarity or error" of any instrument but a real, scientific 
fact. It is to be hoped that Hellmann and Wolkenhauer will con- 
tinue their investigations by a further examination of the early 
manuscripts. 
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In both papers certain arguments are based on assumptions as 
to the probable values of the magnetic declination in the 15th and 
1 6th centuries, derived by an extension or extrapolation of facts 
shown by van Bemmelen's early isogonic charts or by my ''secular 
motion" curves. Such extrapolations must be made with reserve, 
as I have shown at various times that there is good reason for be- 
lieving that the secular motion curve is not a simple, closed curve. 
Indeed all the facts thus far brought to light would clearly prove 
that the laws of secular change during the 15th century were not 
similar to those followed subsequently, making it unsafe to de- 
duce values for the early period as based upon the facts observed 
later/ 

Of great importance are the data regarding the magnetic de- 
clination which Wolkenhauer has found on German charts dating 
back to the beginning of the sixteenth century, and possibly 
before 1500. (See Wolkenhauer's paper, pp. 195-203.) Hitherto 
it has been believed, according to Nordenskjold's researches, that 
" the first instance of the variation of the compass being indicated 
on a printed map or chart," was on Jacob Ziegler*s map of 
Palestine, 1532.* However, the value of 25° West, shown on this 
map, appears very much too large. 

The value of 9°-io° East, founded by Wolkenhauer, presuma- 
bly for Nuremburg, where the supposed maker of the early Ger- 
man maps, Erhard Etzlaub, who was also a ''compass maker," 
lived, appears more plausible. Wolkenhauer finds this same value 
indicated (apparently copied from Etzlaub's maps) on Martin 
WaldseemuUer's "Carta Itineraria Europae (1511 and 1520), as 
also on the map of Johannes Turmaier, gen. Ayentinus, "Obem- 
und Niedernbaiern," 1523. 

Wolkenhauer (p. 199, footnote), also calls attention to another 
early value of the magnetic declination not hitherto noted, viz., 
on a map of Iceland by Glaus Magnus, 1548, recently found by 
Metelka, there is shown, on a small island northwest of Iceland, 
a compass rose, indicating the compass direction to be about 10** 
East. 

It is to be hoped that Wolkenhauer will continue his investiga- 
tions in these directions. For when we find data of the compass 
direction given on maps, there is here a recognition, not to be im- 

1 Cf. Beitragre zur Kenntniss des Wesens der Sacular- Variation des Erdmas^et- 
ismus, Berlin, 1895, pp. 26-31. 

2 Nordenskjold's /arj/mi7f atlas, 1889, Eng^lish edition. 5th Map: Universalis, 
Palestine. 
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mediately drawn from the sun-dials, that the divergence of the 
compass was not regarded merely as an error of the instrument, 
although the fact of the change in the angle with geographic 
location was still not recognized, as shown by the circumstance 
that all these early map values are practically the same. 

For the sake of future reference, the following table is given 
of earliest values of the magnetic declination previously known } 

Earliest values of the magnetic declination up to 1600 for places on land or in its 

vicinityJ^ 







.,. 


- 






Mag- 
netic 
Declina- 




No 


Date 


Place 


Country 


Lat- 
itude 


Longi- 
tude 


Authority or ob- 
server 














tion 




I 


1436 (prior) 


Rome 


Italy 


f 
41 54 N" 


12 27 E 


/ 
*5 E 


L. A. Bauer from Com- 
pass Charts 


2 


i5io± 


do. 


do. 


4154N 


12 27 E 


6 E 


Georg Hartmann 


3 


I5i8± 


Bay of Guinea 


Africa 






(ii5iE) 


Piero di Giovanni 










d' Antonio di Dino 


4 


i52o± 


Vienna 


Austria 


48 15 N 


16 21 E 


4 E 


Johann Georg Taan- 
stetter (Rheticus) 


s 


1523 (?) 

I532± 

1534 


Landshut (?) 

Ingolstadt 

Dieppe 


Germany 
do. 






9 S 
10 30 E 

10 E 


Petrus Apianus 
do. 


6 






I 


Prance 


'49 56 N 


1 05E 


Fran9ois or Crignon 


1537 


Florence 


Italy 






9 E 


Mauro (Spbera vol- 
gare novamente tra- 
dotta. Venetia. 1537, 






































4°, fol. 53a) 


9 


1538 

1538, April 


Nuremburg 
Lisbon 


Germany 
Portugal 






10 15 E 
730E 


Georg Hartmann 
Joaode Castro 


10 


'38 42 N 


9 08W 


II 


15^8, Aug. 10 


Mozambique 


Africa 


IS 02 s 


40 46 E 


645E 


do. 


12 


i539± 
1541 


Dantzig 
Paris 


Germany 
France 






13 E 
7 E 


Georg Joachim Rhe- 

ticus 
Hieronymus Bellar- 


13 


4852N 


3 20 E 
















matus 


14 


1544± 


Nuremburg 


Germany 






10 E 


Georg Hartmann 


:i 


I546± 
1550 


Island Walcheren 
Paris 


Holland 
France 






\ 1 


Gerhard Mercator 


'48 52*N 


2 20 E 


Orontius Finaeus 


17 


>556, July 17 


Petchora R. (mouth) 


Russia 


69 loN 


55 ooK 


3 30W 


Stephen Borough 


18 


1556. July 27 


NovaZembla (S. coast) 


do. 


70 42 N 


57 .-^o E 


730W 


i9 


1556, Aug. 6 


Vaigatch I. (coast) 


do. 


70 25 N 


59 ooE 


8 ooW 


dS." 


20 


>557 


Kholmogery 


do. 


64 25N 


41 50 E 


5 10 R 


do. 


21 


1557, June 2 


Dogsnose (2 miles on 
shore to northward) 


do. 


6547N 


40 ooE 


4 ooE 


do. 


22 


1557. June 16 


Kola Peninsula 


do. 


66 59N 


39 30 E 


3 30E 


do. 


23 


1569 


Bockstein 


Austria 


47 05 N 


13 07 K 


15 00 E 


[Doppler's collection] 
R. Norman 


24 


I575±5 


St. Michael Island 


Azores 


37 ooN 


25 ooW 


4 50 E 


25 


1576, June 


Gravcpend 


England - 


51 23 N 


20 E 


II 30 E 


Frobisher 


26 


1576, June 


Fair Island (SW. of) 


Scotland 


59 20 N 


2 loW 


11 09E 


do. 



a Compiled from the following sources: No. i derived by Bauer from Bianco's compass charts ; 
2-15, inclusive, from Hellmann and Wagner's collections (Journal "Terrestrial Magnetism,'* Vol. 
IV, p. 80, and Vol. VIII. p. 196); No. 24 from Norman's "The Newe Attractive," the date was approx- 
imately assigned), Nos. 31 and 33, from W. Borough's "Variation of the Compass," 1581. (Norman 
in his book also states that he found at London 11° 15' by his own observation. Doubtless Borough 
and Norman made the London observation together.) The rest of the observations except No. 28 (see 
footnote c) are taken from Hansteen's " Magnetismus der Erde," and principally from van Bem- 
melen's valuable collections, "Abweichung der Magnetnadel," Batavia 1899. 

* It is a curious coincidence that this value agrees precisely with the one (5° E,) which had been 
for so long erroneously ascribed to Peregrinus, as having been observed by him in 1269. 

J Originally given in the "United States Magnetic Declination Tables for 1902, and Principal 
Facts Relating to the Earth's Magnetism, by L. A. Bauer, Wa.<«hington, 1902. 
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Earliest values of ike magnetic declination up to 1600 for places on land or in its 

vicinity, — Con tin ued. 















Mag. 
netic 
Decli- 




No 


Date 


Place 


Country 


Lat- 
itude 


Longi- 
tude 


Authority or ob- 
server 














nation 












/ 


/ 


^ 




27 


1579 


Bermejo Port 


Sou. America 


50 25S 


75 ooE 


00 


P. Sarmiento de Gam- 
boa 
Sir Francis Drake 


28 


1579 (?) 


Cape Mendocino 


California 


39 ooN 


124 ooW 


a9 ooE 






I near) 












29 


1580, Apr. 17 


Astrakhan 


Russia 


46 21 N 


48 02 E 


13 30W 


Chr. Borough 


30 


'5^. J«neii-i6 


Bildih 


do. 


40 25 N 


49 30 E 


10 40 W 


do. 


3» 


1580. Oct. 4 


Derbent 


do. 


43 05 N 


48 15 E 


11 ooW 


do. 


32 


1580, Oct. 16 


London 


England 


5131N 


08E 


II 15 E 


W. Boroughs and R. 
Norman 


33 


1580 


Paris 


Prance 


4852N 


2 20E 


II 30 B 


Severtius 


34 


1581 (before) 


Vaigatch Island 


Russia 


70 ± N 


58 ± E 


7 ooW 


W. Boroughs 




1587. Apr. 
15H7, May 25 


Maipo 


Sou. America 


3400S 


71 39W 
80 ooW 


2 30W 


Cavendish 


36 


Puna 


do. 


2 45S 


200E 


do. 


37 


1587, Aug. 


MauranlUa 


Mexico 


18 15 N 


104 ooW 
106 ooW 


2 ooE 


do. 


38 


15^7 


Cape Corientes 


do. 


20 45 N 


2 ooE 


do. 


39 


1587 


Cape San Lucas (near) 


do. 


2255N 


111 56W 


300E 
2800W 


do. 


40 


»587i June3o 


Greenland, E. coast 




72 10 N 


5600W 
6730W 


Davis 


4* 


1587, July 23 


Cumberland Bay, 

NW. end 
Santa Cruz (Plores) 




67 ooN 


30 ooW 


do. 


42 


1589, Aug. 14 


Azores 


39 50N 


3040W 


64 ooW 


Edward Wright 


43 


1589, Sept. 13 


Fayal, in the town 


do. 


38 50 N 


27 40 W 


*i 30E 


do. 


44 


J5S9, Sept. 22 


do. 


do. 


3850N 


2740W 


*4 40 E 


do. 


45 


1589, Sept. 23 


do. 


do. 


38 50N 


27 40 w 


*3 10 E 


do. 


46 


^589, Nov. 12 


NE. of Cape Fi n isterre 


Spain 


4425N 


10 ooW 


C7 ooE 


do. 


47 


1594 


Off Cape St. Vincent 


do. 


37 05 N 


9 loW 


5 15E 


Robert Dudley 


48 


i59.*i, Jan. 


Off Cape Barbas 


Africa 


22 00 N 


1700W 


3 ooE 


do. 


49 


1595. Jan. 


Off Cape Roxo 


Porto Rico 


1754N 


6705W 


3 ooW 


do. 


50 


1595, Aug. 4 


Bay Aguada de Sam- 
bras (Mossel Bay?) 


Africa 


34 loS 


22 00 E 


00 


Com. Houtman 




1 












51 


1595. Sept. 3 


Off Cape San Roman 


Madagascar 


2530S 
6 ooS 


4650E 


13 00 W 


do. 


52 


1596, June 22 


Entrance Sunda Sts 




104 20 E 


4 ooW 


do. 


53 


1596. June 9 
1596, June 23 


Bear Island (Cherry) 




74 10 N 


1600E 


13 00 E 


Willem Barentsz 


54 


Hinlopen Strait 


Spitzbergen 


79 40 N 


17 ooE 


1600W 


do. 


55 


1596, July 21 


Nova Zembla, Cross I. 


Russia 


7645N 


5900E 


26 ooW 


do. 


56 


1596, July 31 


do. 


do. 


7645N 


5900E 


17 ooW 


do. 


57 


,1596 


Nova Zembla, Lan- 
geueus 


do. 


7340N 


5330E 


25 ooW 


do. 


58 


1596 


Vaigatch Island 
Williams Island 


do. 


69 loN 


61 10 E 


24 30W 


do. 


59 


1596 


do. 


75 50 N 


58 30 E 


33 OOW 


do. 


60 


. 1596 


Yshoek 


do. 


76 55 N 


67 30 E 


27 ooW 


do. 


61 


1596 


Nova Zembla 


do. 


7607N 


68 mE 


26 .00 W 


do. 


62 


1597, Feb. 


Graz 


Austria 


47 07N 


15 25 E 


6 ooW 


J. Kepler 


63 


Bali Strait, east end of 


Java 


830S 


114 50 E 


rf2 ooW 


Corn. Houtman 


64 


1597, Apr. 24 


Africa (SE. coast) 




3230S 


28 50 E 


5 ooW 


do. 


65 


^ 1597, May 4 


Off Cape of Good 

Hope 
OffEgmont 




3450S 


18 20 E 


30E 


do. 


66 


1597, Aug. II 


Holland, ooist 


52 30N 


4 20E 


15 ooE 


do. 


67 


1598, June 28 


Off Martin Vaz I. 




203SS 


31 13 W 


II 10 E 


Van Neck 


6S 


159H, Sept. 28 


Off Mauritius Island 




20 27 S 


67 30 E 


22 15 W 


do. 


69 


159K, Dec. 31 


Off Bantam 


Java 
Madura Isl'd 


6 ooS 


106 10 E 


5 loW 


do. 


70 


1599. Feb. 9 


Off Arosbaya 


7 ooS 


112 50E 


2 30W 


do. 


71 


1599, Apr. 3 


Amboiua, west end 




3 26S 


128 30 E 


3 loE 


do. 


72 


»599. Apr. 19 


Off Ternate and Ti- 

dore 
OffSt. Helena Island 




I 02 N 


127 20 E 


3 loE 


do. 


73 


1600, May 7 




15 55S 


543W 


738R 


do. 


74 


1600, May 22 


In bay. I. Ste. Marie 


Madagascar 


15 40 s 


47 30 E 


16 30 W 


Wilkens 


75 


; 1600, July 13 


Off Maldive Islands 


Indian Ocean 


% ooN 


73 ooE 


1600W 


do. 


76 


1600 


Between Buru and 
Amboina 


Dutch E. I. 


345S 


127 30 E 


3 ooE 


do. 


77 


1600, Sept 


Off Bantam 


Java 
Turkey 


6 ooS 


106 10 E 


5 ooW 


do. 


78 


x6oo 


Constantinople 


41 01 N 


28 50 E 


00 




79 


1600 (before) 


Antwerp 
Konigsberg 


Belgium 


51 13 N 


4 24E 
2026E 


9 ooE 




8b 


1600 


Prussia 


5442N 


00 




81 


1600 (before) 


Plymouth 


Bnglnnd 
Madagascar 


50 26N 


4 19W 


13 24 E 




82 


1600, Sept. 26 


Cape San Sebastian 


12 42 S 


47 40 E 


1600W 


J. Lankester 



a This value is given on a map by R. Dudley in the " Arcano del Mare," and preserved by Petrus 
Koerius. dated 1646, showing the coast of New Albion, discovered by Sir F. Drake in 1579. Narrative 
and critical history of America, Justin Winsor, Vol. II, Boston and New York, 1886. 

6 These observations, according to Hansteen, were made by Wright with W. Boroughs' compass 
described in B.'s book. 

rThis value is given by Hansteen in one place as 7° 40 , in another as 7° 04'; van Bemmelen 
apparently rounds off the value to 7°. 

rfNot quite 2°. 
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Glancing over these values, it will be seen that in the sixteenth 
century the needle pointed east of north over the greater part of 
Europe, whereas now it as persistently points west, except in the 
eastern part. 

[As the Journal is passing through the press, the August number 
of the Meteorologische Zeitschrift is received, containing on p. 369 
a further note by Hellmann: "Uber die Kenntniss der magnetischen 
Deklination vor Christoph Columbus." During his recent visit to 
the Royal Historical Museum at Vienna, he found in the collec- 
tion of old instruments a small pocket sun-dial, of which he gives in 
his note a photographic reproduction and which bears the date, 
1463. The box containing the compass needle, and at the bottom 
of which the forked line is deeply and sharply engraved (similar 
to the Innsbruck instrument of 1451), and the hour dial are con- 
structed out of one piece of very dark bronze, thus excluding the 
idea that the compass box was inserted and fastened in such a 
manner to permit being turned. This particular instrument is 
much simpler and less artistic in its construction and workman- 
ship than the handsome Innsbruck specimen and is besides smaller, 
so as to make it a veritable pocket sun-dial for purposes of travel. 
The said forked line at its north end makes an angle of 10° or 11° 
E. with the true north. Hellmann regards this as a further proof 
that "the magnetic declination was known before Christopher Co- 
lumbus's voyage and not first discovered by him." But is it not 
possible that this additional find, valuable as it is, is simply another 
proof that while the divergence of the compass direction from the 
true meridian may have been noted, the divergence was not recog- 
vised at that time as a scientific fact, but as an error of the instru- 
ment f In consequence, we find the angle of 10° or 11° East 
repeating itself in all the instruments which Wolkenhauer and 
Hellmann have thus far brought to light.] 
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ON THE DISTRIBUTION OF MAGNETISM OVER THE 
EARTH'S SURFACE. 

By Paui* T. Passawkij, 
Late Assistant at the Odessa Magnetic Observatory, 

Translated by 

Paui* Wernicke, 

Professor of Modern Languages^ State University^ Lexington ^ Ky. 

[In order to make accessible Passalskij's memorable treatise* to the 
readers of the Journal, who are unfamiliar with the Russian language, 
Prof. Paul Wernicke, working under the auspices of the Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington, has 
translated the portions of chief interest, the first installment of which is 
given in the present number. For a biographical sketch of the author 
and a brief r^sum^ of the contents of Passalskij's work, see Professor 
Leyst's article, this Journal, Vol. VII, pp. 67-74. The author during his 
ail-too brief life, he having died November 25, 1900, at the age of twenty- 
nine years, evinced unusual talents, a tireless industry and an unbounded 
enthusiasm for magnetic work. — Ed.] 

Chapter I. [Pp. 1-34.] 

FIELD OBSERVATIONS AND MAGNETIC SURVEYS. 

In the study of the Earth's magnetism, the main questions pre- 
senting themselves are : the investigation of the distribution of the 
magnetic elements over the Earth's surface, their variations with 
time and the elucidation of the causes of the observed phenomena. 

The time-variations of the magnetic elements play an impor- 
tant part, since it is impracticable to obtain simultaneous observa- 
tions at many widely separated points, for the purpose of obtaining 
a true representation of the distribution. The elements must be 
observed, therefore, at various times and reduced to a common 
epoch. For this purpose we must know the variations of the ter- 
rdfetrial magnetic force, in magnitude and direction, for each point 
of observation. 

These time-variations are closely connected with local peculiar- 
ities of the distribution. If the entire magnetism of the Earth be 

1 Published in Russian at Odessa, in 1901. 8vo. 547 pp., 17 pi. and 17 figures; 
7 chapters, addenda (78 pp.) and 1249 biographic references to magnetic literature. 
2 105 
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divided into two portions, one of which corresponds to a uniform 
magnetization about a diameter of the terrestrial globe, the second 
portion will cause a deviation of the magnetic distribution from 
the simple type represented by the first portion. This second por- 
tion we may call the residual magnetic field of the Earth. 

Let us imagine the Earth deprived of the first portion and let 
us suppose that a freely-suspended magnetic needle be carried 
along a parallel of latitude around the Earth. The north pole of 
this needle under the influence of the residual field will describe in 
space some closed curve. 

Bauer' has noticed the very interesting, but hitherto unknown 
fact, that this curve is very similar to that which the north end of 
the needle describes in the course of twenty-four hours for the cor- 
responding parallel. Moreover, it may be considered established 
that in places of irregularities in the distribution, the time-varia- 
tion of the elements also deviates from the normal variation for 
the given latitude and longitude. We shall return to this question 
further on, when the variations in anomalous regions are discussed. 

Observations in the field and in magnetic surveys furnish the 
elements for the study of the magnetic distribution. Observatory 
observations and " repeat " determinations at various points of a 
survey, supply the means for the reduction of all observations to 
the common epoch selected. Magnetic charts assist in the choice 
of important points for observations of the variations. 

Besides the reduction of the observations to a selected epoch as 
explained, the values of the elements should, furthermore, be re- 
duced to the same level, as in the case of reduction to sea-level of 
barometric observations. This matter, however, has not yet been 
fully developed, observations on mountain peaks giving contradic- 
tory results. The causes of the discrepancies will be explained 
later and it will be shown that for observations on the Earth's sur- 
face, it is possible to find the change of the elements with altitude 
if the entire force has a potential. 

The existence of a potential, as Gauss had already shown in his 
" Allgemeine Theorie des Erdmagnetismus" requires that the con- 
dition: 

F ds=^o ^ 



s 



be fulfilled for any closed circuit on the Earth's surface. Here ds 
is an element of the circuit, and F is the component of the mag- 

s Bauer, I*. A., Terr, Mag. 1. 174; 4, 46. 
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netic force directed at every point tangentially to the circuit 
traversed. 

Bezold' proposed investigation of the fulfillment of this condi- 
tion for circuits formed by two meridians and two parallels. Adolf 
Schmidt* computed the rectangular components X, K, Z of the 
Earth's magnetic force without the assumption of a potential, and 
reached the conclusion that only a very small part of the force was 
due not to a potential, but to vertical electric currents. 

The survey of a given locality, if sufficiently detailed and ac- 
complished with the requisite care, furnishes the possibility of test- 
ing the fulfillment of the condition and in case of non-fulfillment, 
of computing the strength of the electric currents passing perpen- 
dicularly through the area of the survey. From the computations 
of Schmidt* and Bauer*, between latitudes 45° N and 45° S, the cur- 
rent is directed mainly downwards and between the north pole and 
latitude 45° N upwards.* The mean intensity of the current is 
1/6 ampere per square kilometer. Between latitudes 45° N and 
50° N, however, it is 0.091 ampere per square kilometer.* 

The discussion, however, of the survey of Great Britain by 
Riicker* and of Sweden by Carlheim-Gyllenskold' did not confirm 
these results, and for the final solution of this very important ques- 
tion it will be necessary to discuss surveys of various regions in a 
similar way. 

In order to proceed to the causes of the Earth's magnetism, as 
well as of the peculiarity of its distribution, it first becomes neces- 
sary to ascertain the seat of the magnetic force. Gauss gave the 
method for determining whether the observed force is due to an 
internal magnetic system or to an external one. 

According to Schmidt's * computations, the cause of the Earth's 

8 VoN Bezold, W., Zur Theorie des Erdmagnetismus. Sitzber. Berl. Ak. 18. W, 
1897. 

'♦Schmidt, Adolf, Mittheilungen uber eine neue Berechnung des erdmagnet- 
ischen Potentials. Abh. d. k. Bayer. Ak. II, CI. 1, 19, 1895. 
1897. 

*Bauer, X,. A., Vertical Earth-air electric currents. Terr. Mag. 2, 11-12, 

^RtcKER, A. W., On the existence of vertical Earth-air electric currents in the 
United Kingdom. Terr. Mag. 1, 77-84, 1896. 

^Carlheim-Gyllenskold. Konigl. Sv. Acad. Handlinger. 27, No. 7, 1895, 65. 

♦[This statement is not quite correct as given by the author. For later and 
more complete investigations, Cf. Terr. Mag. 9. 1904, pp. 1 16-129. The subject had, 
doubtless, best be left in abeyance until the completion of the general magnetic sur- 
vey of the globe, now in progress. — Ed.] 
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magnetism is to be referred to causes within the Earth, except 
about one-hundredth part, which may be ascribed to cosmic origin.* 

The explanation of the causes of terrestrial magnetism must be 
reckoned among the hardest of geophysical problems. It is compar- 
atively easy to explain the causes of the local irregularities. For 
this purpose, it is convenient to separate the entire magnetism into 
two parts, the normal and the anomalous, and to compare the 
charts so derived with maps of the distribution of land and water 
and of mountains and with geological maps, and so on. For the 
clearing up of such questions more or less detailed surveys will be 
needed. 

It is our task to consider the results, discussion and reduction 
of surveys and to exhibit the causes of the irregularities or depart- 
ures from the undisturbed condition of the distribution of magnet- 
ism. The last chapter but one is devoted to surveys in regions of 
pronounced anomalies caused by the Saksa River and Yellow River 
which apparently throw much light on the causes of the anomalies. 

It is considered useful to give a review, as far as possible, of 
field observations and surveys from the fourth decade of the nine- 
teenth century to the present time, /. e, from the time of the appear- 
ance of the field instruments of Lamont, when field observations 
acquired the requisite accuracy. 

[This review begins bottom of p. 4 and closes on p. 34. It is replete 
with references (about 300) and embraces the following countries : 

Europe. British Isles (p. 4), France (p. 5), Holland (p. 6), Belgium 
(p. 7), Denmark (p. 7), Germany (p. 7), Sweden and Norway (p. 10), 
Russia (p. 12), Mediterranean Countries (p. 17), Spain and Portugal 
(p. 18), Italy (p. 18), Switzerland (p. 20), Austria-Hungary (p. 20), Rou- 
mania (p. 21). 

Asia. Asiatic Russia (p. 21), East Indies (p. 23), China (p. 24), Islands 
of Indian and Pacific Oceans (p. 24), Southern Asia (p. 25), Japan (p. 25)- 

Africa, (p. 26). 

North America. British Possessions (p. 28), United States (p. 29). 

Central and South America, (p. 30). 

Australia, (p. 31). 

Polar Regions, (p. 32.) 

Large Voyages, (p. 32).] 

*[This statement of Schmidt's results is not quite correct. Schmidt found: i. 
That the greatest part of the Earth's magnetic force is to be referred to causes belotu 
the surface having a potential ; 2. That about 1/40 of the entire force is due to causes 
above the surface, likewise possessing a potential ; and 3. That a somewhat larger 
part than the foregoing does not possess a potential. — Ed.] 
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Chapter II. [Pp. 35-62.] 

TECHNIQUE OP MAGNETIC SURVEYS. 

Accuracy of Field Measurements, It is of importance to deter- 
mine what degree of accuracy is necessary and sufl&cient for mag- 
netic measurements in the field, as influencing on the one hand the 
dimensions of the instruments, and consequently their cost and 
portability and, on the other hand, the time necessary for the 
measurements as also the number of stations to be occupied during 
a given interval of time {e, g, during the summer). 

In the publications of magnetic observations, the declination 
and the inclination are usually given to the first decimal of a min- 
ute and the horizontal intensity to the fifth, occasionally to the sixth, 
decimal of a C. G. S. unit. But a critical examination shows that 
only in rare instances the absolute accuracy attained as to declina- 
tion is ± o'.i, as to the inclination, ±l o\^, and as to horizontal 
intensity, it 0.0000 i C. G. S. Taking into consideration that 
observatory observations are conducted with all possible conven- 
ience and by means of stationary instruments, it may be inferred 
a priori, that the same accuracy is unattainable in field observations. 
Insufl&cient stability of the tripod, wind, dust, the absence of tables 
and the harmful influence of concussion on the instruments, tend 
to increase the errors from 5 to 10 times. Still greater errors are 
introduced in the reduction of the observations to a given epoch. 
Hence in field observations made with all care, it is diflBcult to 
avoid errors in declination and in inclination less than 2' to 3', 
and in horizontal intensity, less than 0.00005 to o.oooio, C. G. S. 

The correctness of this statement is confirmed by examples 
from the best surveys, e, g, the English and the Austrian ones. 
Thus in Great Britain, two surveys were conducted by the same 
observers, one in 1886, the other in 189 1. If we apply the cor- 
responding secular change for the inter\'al 1886 to 1891 to the 
earlier observations, then for each point common to both surveys 
we should obtain two values for 1891 ; there were 91 such points. 
As was to be expected, after reduction of all observations to 1891, 
diffierences worthy of consideration became evident;® in mag- 
netic declination, i'.4 in inclination i'.3, and in horizontal inten- 
sity 0.00022 C. G. S. These differences corresponded to a distance 

SRiJCKER, A. W. A summary of the results of the recent magnetic survey of 
Great Britain and Ireland, conducted by Professors Riicker and Thorpe. Terr. Mag. 
I, p. 113, 1896. 
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between the iso-lines of 1.4 miles (declination), 2.0 miles (inclina- 
tion), and 1.8 miles (horizontal intensity). The distance between 
the magnetic ridges, as determined separately from the two surveys, 
was 12.0 miles. 

In Austria, the observations at Triest, Pola, Buda-pesth and 
O'Gyalla were conducted by Laschober, Kesslitz, Kurlander and 
again by Liznar. All observations were reduced to 1890, showing 
the following differences', regardless of sign : 

Declina- Inclina- Horizontal 

tion tion Intensity 

Triest, 2.0 2.2 0.00007 C. G. S. 

Pola, I.I 0.9 0.00025 

Buda-pesth, 2.4 0.9 0.00004 

O'Gyalla, 3.6 2.1 0.00015 

Mean, 2.3 1.5 0.00013 

Hence, quantities of the same order as in Great Britain. 

Comparison of Instruments [Pp. 37.] The foregoing differences 
were obtained from observations with the same or with previously 
compared instruments. If the latter are not compared, the differ- 
ences increase very much on account of the difficulty of determin- 
ing absolute inclination by means of a needle dip-circle, and of re- 
ducing accurately to fundamental units (C. G. S.) the magnetometer 
constants. A field-magnetometer is frequently relative, /. <?., not all 
its constants are determined in absolute measure. It is only nec- 
essary to find the temperature and induction coefficients, and to 
know the distance between the magnets in deflections. The remain- 
ing constants are found by comparison with the theodolite of the 
standard observatory or base-station. If all the constants have 
been determined, then all that is necessary, is to compare the 
instrument with the standard one before, after, and in the middle 
of the survey, to control any possible changes of the constants. It 
is not easy to determine definite times for the return to the central 
or standard observatory, but it seems to us amply sufficient to com- 
pare the instruments once a month. 

How importr.nt the comparison of survey instruments is, 
appears from the fact that the results obtained from the instruments 
at the standard institutions of various regions differ considerably. 
Thus, e. g. a comparison of Schneider's theodolite in Vienna with 

9 LizNAR, J. Die Vertheilung der erdtnagnetischen Kraft in Osterreich-Ung^am, 
II. Theil, p. 3. 
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Elliot's (an English instrument) showed a diflference^® of 0.00052 
C. G. S. The diflference between the former and the Pavlowsk in- 
strument was:" 

Pavlowsk — Vienna = 0.00040 C. G. S. ; 

that between the Austrian and Italian theodolites amounted to 'as 
much as 0.00078 C. G. S. " 

[The author next cites (pp. 38 and 39) the results of the well-known 
comparisons of Moureaux, Chistoni, Solander, von Rijckevorsel, Riicker, 
Chree, etc., the results of which have already appeared in various issues 
of the Journal.] 

In consideration of the very large discrepancies in the indica- 
tions of the instruments, and of the variability of these discrepan- 
cies, it is very desirable that comparisons should be made as often 
as possible. It might be best to conduct the determination of the 
constants of magnetometers and to obtain the corrections of instru- 
ments at a central international bureau, where the observations 
might be reduced to instruments constructed on diflferent principles 
(e. g. the horizontal intensity to the theodolite of Lamont's system, 
to Gauss's magnetometer, and to Kohlrausch's bifilar; the inclina- 
tion to the induction and to the needle inclinatorium, etc^ 

Instruments, [P. 40.] For conducting a magnetic survey the 
following instruments and appurtenances are necessary: A theodo- 
lite, magnetometer, dip circle, one or two chronometers, an aneroid 
barometer, a tripod, a screen, umbrella or tent for protection 
against sun and wind, a small set of locksmith's tools, oil, vaseline, 
alcohol, alcoholic varnish, a supply of cocoon threads, some rags, 
chamois, a brush for removing dust, etc. 

It is not easy to recommend any particular pattern of field- 
instruments, as it is not well established which is the most con- 
venient type and, on the other hand, being accustomed to a given 
instrument counts for a good deal — good results may be obtained 
with mediocre instruments by one skilled in their use. Here we 
can only mention the general requirements that may be made of 
survey instruments. In the first place, portability and small 
dimensions must be insisted on. As it is often necessary to drive 

lOI^iZNAR, J. Vergrleichnng^ der Angaben eines magfnetischen Theodoliten von 
Schneider mit einem eng^lishen von Elliot. Z. S. f. Meteorol. 1882, 17, p. 23. 

11 I^iZNAR, J. Die Vertheilung^ der erdmagnetischen Kraft in Osterreich-Ungarn. 
Wien, 1895. 

i^LizNAR, J. Eine neue magfnetische Aufnahme Osterreichs (III Vorlaufig^er 
Bcricht). Wien. Ber., IM, (II a), Dec. 1891. 
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an observer, his servant, a driver and all their baggage in the usual 
two-seat country wagon, the smaller the instruments, the better. 
It was shown above that the accuracy of field measurements is not 
very great, therefore the smaller instruments will amply suffice. 
In the French survey Moureaux used the small Mascart instru- 
ments, in which the diameter of the divided circles is 8 cm, 
graduated to half-degrees (the verniers giving readings to o'.5). 
The weight of the theodolite with its box is 4 kg, and that of the 
dip circle only 2 kg. After all, even smaller dimensions are 
possible. Another important condition as to the instruments is, the 
constancy of their indications. They must have the simplest 
construction possible in order not to be put out of order by the 
unavoidable shaking during transportation. One must keep in 
mind that continual shaking loosens the screws, and hence there 
should be as few as possible of them. 

The packing of the instruments must be done with great care 
and at the same time in the simplest possible manner, so that no 
great amount of time may be consumed in putting the parts 
together. It is best of all, if the instruments are placed in boxes 
in their entirety, and securely fastened by means of screws. Most 
conveniently both instruments and the aneroid are placed in the 
same box, closed as well as possible against dust and rain. Finally, 
transportation on wagons with springs is best; lacking these, we 
must resort to other means. Neither double boxes nor a heavy 
layer of hay protect the instruments sufficiently, so that in my field 
work I used special contrivances described in Chapter VI. If the 
instruments and baggage have to be packed on horses (e. g. in the 
mountains) it must be borne in mind that they will be more 
violently shaken in this case than even in a springless wagon. 
Therefore the instruments should be carried at a gait not faster 
than a pace. Large chronometers especially suffer from this mode 
of transportation. 

It is important during observations that the houses (boxes) 
containing the suspended magnets and needles be air-tight; other- 
wise the wind will cause serious disturbances. 

We now pass to the consideration of the individual instruments. 
The theodolite (magnetometer) serves to determine declination and 
horizontal intensity. For the determination of the reading of the 
astronomical meridian on the horizontal circle of the instrument, 
the Sun is observed almost exclusively. [Description of usual 
methods follow p. 42] . 
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The astronomical formulae show that the time is only needed 
for the determination of the Sun's declination, and that it may be 
taken from a watch. Although the vertical circle of the theodolite 
is not indispensable, it is better to have this attachment. It is 
then possible, in case of necessity, to determine the correction of 
the chronometer in the field {e, g, by corresponding altitudes of 
the Sun). 

[There follow next (pp. 43-47) general remarks as to methods of 
observation of the magnetic elements. The author favors the pivot 
suspension for declinations and deflections, citing D. Schmidt's" experi- 
ments as to the accuracy of the reading of a magnet on a steel point for 
different bearings, viz.: 

With sapphire bearing, accuracy, drO''.54 

" osmium-iridium " '* o. 50 

" iridium (hardness 7) *' " o. 37 

He refers to the inaccuracy of the method of observing the indination 
by means of the induction in two soft vertical iron bars (Lloyd Lamont 
method j. The lack of sufficient portability excludes Wild's earth 
inductor for field work, though an excellent instrument for observatory 
use. The errors of the dip circle are briefly referred to, citing Ivcyst's** 
well-known investigations and Schuster's^* showing that the length of 
a dip needle should not exceed 3 inches.] 

Selection of Points of Observation, [P. 47.] The denser the 
network of observations, the better the magnetic features of the 
region are brought out. But in some regions, extreme density 
may prove to be unnecessary. The distance in kilometers between 
the points of observation has been very different for past surveys. 
Thus, in France (Moureaux) the distance was 30, which was also 
Lamont's approximate distance in Germany and Bohemia; in Great 
Britain, 18.6; Victoria (Australia), 30.9; Bavaria (Lamont), 16 to 18; 
Wiirtemberg (Hammer), 14.7; Bavaria (Pfaltz), 12.6; Hungary 
(Kurlander), 90; South Sweden (C. Gyllenskjold), 24; Crimea 
(Passelskij) 12.7; the Krivoi Rog region 5.0; Germany, Schaper^s 
survey between Elbe and Oder, 40; Seewarte survey, 35; Eschen- 
hagen (S. W. portion), 60; and in Holland 11 to 12. 

18 Schmidt, D. Fortschritte in der Ausfuhrung: von Onentirungrs-messungen 
mit der Mas^etnadel. Jahrb. f. Berg, u Hiittenwesen in Sachsen 1888, pp. 16-41. 

i^IvEYST, E. Untersuchung iiber Nadel-Inclinatorien. Rep. f. Meteorol, 
10, No. 5, 1887. 

^Schuster, A. Influence of the bending of magnetic needles on the apparent 
magnetic dip. Phil. Mag.y March, 1891. 
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Neumayer [p. 48] proposes to divide surveys into 4 classes: 

I St Class, distance between points, 40 kms. 

2d " *' " " 18 " 

3d '* " " *< 12 " 

4th " detailed survey of mountains, mines, etc 

As recent observations have shown, the main characteristics of 
the distribution of magnetism show up as magnetic ridges, or lines 
of attraction cutting the Earth's surface in various directions. 
Their study presents great scientific interest; therefore the surveys 
must disclose as accurately as possible their direction and intensity. 
Further keeping in mind that for the reduction to an epoch, the 
observations have to be repeated at certain points of the region 
investigated, the proposed survey may be divided into three por- 
tions: first, the elements are to be determined at a few points 
scattered over the entire region ; next a systematic survey is to be 
carried out, of such density as the means at hand will permit (e. g, 
at points 30 to 40 kms. distant from each other), trying to reoccupy 
as late as can be done those points where the observations were 
previously taken in order that the secular change may be deter- 
mined as accurately as possible. Finally, in the last portion of the 
work, after the computation of the observations has been made 
and when the location of the chief magnetic ridges is known, a 
series of detailed observations is to be undertaken in these regions 
in order to determine more accurately the position of the lines of 
attraction. If the anomalies are strong, the location of a ridge can 
be immediately inferred from the observations, and subsequent 
stations selected accordingly. In a survey, there are deserving of 
special attention all localities where there are dislocations of the 
Earth's crust, anomalies of gravity, ore districts, etc.; here the 
number of stations should be increased. 

The maps of the General Staff of the Army {e, g. the Russian 
three-verst map) are very convenient for orientation. The position 
of a point may be determined on them with sufficient accuracy. 
It is very important to determine the position of stations as accu- 
rately as possible, especially of those where repeat-ob.servations are 
to be taken for the purpose of ascertaining the secular variation. 
It would be best in such cases to leave some mark, e, g, to set in 
the ground some stone or wooden posts, but this is inconvenient 
on account of the increased expense and of loss of time. Liznar 
and Dubinsky and others marked the stations on small plans. If 
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there is no time left to sketch plans, the above-named maps may be 
used to advantage. It is only necessary to take points easy to find, 
as e, g, intersections of roads with streams, valleys, boundaries of 
cities and townships, mounds, etc. To avoid crowds of people and 
artificial disturbing influences one must not observe close to cities 
or large villages. 

Lamont, in order to avoid local influences, took observations in 
the open field at some two or three neighboring points. The mean 
of the results obtained was considered the value of the element for 
the mean position of the points. The observer must see carefully 
to it that no iron is near his station. In particular, the vicinity of 
factories or railroad stations, etc., must be avoided. As yet we 
have no accurate investigations as to how far an iron mass can ex- 
ercise a noticeable effect. There is no indication that the action of 
rather large iron masses becomes imperceptible at any but consid- 
erable distances. Thus Folgeraiter [p. 50] investigated the action 
of the iron bridge Fonte della Maglina at Rome. The axis of the 
bridge makes an angle of 44^ 10' with the magnetic meridian, and 
the weight of the iron parts is 1000 tons. It was found that the 
action ceases at distances of 75 to 200 meters, but Folgeraiter thinks 
that, along the middle of the course of the Tiber, the action may 
be perceptible somewhat farther. 

During measurements at the observatory Maddalena, L. Palazzo 
in 1892 determined the influence of an ironclad (5500 tons) at a 
distance of 135 meters in a direction almost perpendicular to the 
magnetic meridian. By comparing with remote stations, an influ- 
ence on declination amounting to 10' was found, while no influence 
on inclination or horizontal intensity could be perceived. Thus it 
may be assumed that at distances of 300 to 400 meters the action 
of even very large iron masses may be neglected. 

How to Conduct the Observations, [P. 50.] It was shown above 
that the accuracy of field observations is not great, a circumstance 
also to be considered in conducting a survey. Therefore there is 
no need of such complete, absolute observations, as are usually 
made at magnetic observatories in order to determine the base lines 
of the variation instruments. Observations, more or less abridged, 
are usually quite sufl&cient in the field and entirely complete 
ones must only be taken from time to time to control the con- 
tan ts. 
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[There follow suggestions as to what portions of the regular scheme 
of observing may be omitted in the tield as shown by the experience ot 
Lamont, Rijckevorsel, Eschenhagen and others.] 

On the Survey of Russia, [P. 52.] From a review of the ob- 
servations in Russia, it appears that while there has been no lack 
of observers, there has not been hitherto any systematic survey. 
In this respect, Russia has remained behind nearly all West-Euro- 
pean powers. 

The Permanent Magnetic Committee of the Imperial Geograph- 
ical Society at its first session, May 8, 1892, took up the question 
of a magnetic survey of Russia. Simultaneously the Imperial 
Academy of Sciences (Sept. 23, 1892) appointed a committee to 
work out a project for the survey of the Empire, which made a 
report on Jan. 20, 1893. Their project was referred to the Geo- 
graphical Society. Its main features are as follows : 

The accuracy set, is ± i' for declination and inclination, o.oooi 
(C. G. S.) for horizontal intensity. Tasks of ftie survey — (i) De- 
tailed investigation of anomalies by means of numerous determina- 
■ tions in their vicinities; (2) Discovery of new, smaller anomalies on 
the basis of a denser network of observations, and detailed investi- 
gation of the same; (3) By means of a general discussion of this 
material the nearer as well as the more distant causes of the anom- 
alies are to be investigated and studied as far as possible. There 
are to take part in conducting the survey and in contributing to its 
cost: the four magnetic observatories under supervision of the 
Academy of Sciences (Pavlovsk, Tiflis, Ekaterinenburg, Irkutsk), 
ten universities, the Geographical Society, the Navy Department, 
the Army Department, the Mountain Division of the Imperial 
Treasury Department, the Department of Roads of Communication 
and the Imperial Russian Technical Society. The number of pro- 
posed stations (not counting the Caucasus and Asiatic Russia) is 
2700; the density of the network, one observation per 2000 square 
kilometers. The survey is to be completed in ten years. Each 
year not less than 15 observers are to be at work, each of them 
covering not less than 25 stations. At each station there are to be 
determined: latitude, longitude and three series of determinations 
of the elements, and moreover, a sketch of the surroundings shall 
be made to aid in locating the point of observation. Each field in- 
strument is to be compared with the instruments at the central 
observatory not Iqss than 5 times. 
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A. A. de Tillo pointed out at the meeting of the Permanent 
Magnetic Committee, Feb. 15, 1894, that the project of the Acad- 
emy is too schematic; that an accuracy of i' in declination and in- 
clination is unattainable, on account of the inaccuracy of reduction 
to epoch (such errors may be 10 times or more greater); that, first, 
observations at the government and district-seats (about 600 points) 
should be made, which work can be completed in less than 10 years 
(summers) by two or three observers, at an annual cost of 3000 
rubels. The detailed surveys may be left to the other institutions 
above named. The Magnetic Committee unanimously acceded to 
de Tillo's opinions. 

The matter of the survey was taken up for the last time by 
A. V. Klossowsky in the first Meteorological Congress in St. Peters- 
burg at the beginning of 1900. 

Regarding de Tillo*s and the Academy's plans, the following 
remarks may be made: The 600 points proposed by de Tillo are 
quite insuflScient for Russia. They would yield little more than the 
schematic magnetic charts drawn by him. Furthermore, the pro- 
posed 2700 points of the Academy, at distances of 45 kilometers, 
are not suflBicient either, and, besides, the cost will be increased 
but little by halving the distance between stations. The fact of the 
matter is, that for moving about we must rely on horses almost 
exclusively (excluding the journey from the central station to the 
locality of the survey), and to drive 45 kilometers without stopping 
while during work every day, is quite fatiguing to the observer and 
to the horses. A network of stations, with distances apart of 20 to 
25 kilometers will give a complete chart of the distribution of 
magnetism in Russia and will give assurance that no gross anomaly 
has been overlooked. In this case 10 to 12 thousand observations 
must be taken in Russia. The project of the Academy would have 
not fewer than 1 5 observers working at the same time ; but even 
the closer net (12000 points) can be gone over by a smaller number 
of observers in 10 summers. 

For convenience in comparison of instruments and reduction to 
an epoch, the region should be divided into several districts, each 
having a central observatory, e, g. into four, as follows: A northern 
one with its center at St. Petersburg, a central one with the 
Moskau observatory as base station, a western one with its center 
at Warsaw or Juriev (Dorpat), and a southern one with its center 
at Odessa. For each district, two simultaneous observers will do, 
/. e, 8 men in all. 
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If the latter are released from the task of determining the 
geographical coordinates (the maps of the General Staff determine 
these quantities more accurately than can be done by means of 
small theodolites and chronometers carried on telegas or country 
wagons) then, the distances being 20 to 25 kilometers, each observer 
will confidently be able to take 3 to 4 observations, if no difficulties 
of transportation occur {e. g, mountains). Supposing then that it 
is possible to work only 2]^ months during the summer of each 
year, and taking the month at 25 working days (on the remaining 
days there may occur rain, unavailability of horses, sickness, etc.), 
we shall have for each observer about 60 working days for the 
season, and reckoning on 3 observations a day, there will result for 
each 180 stations. But supposing that each observer covers 150 
points, 1200 observations would be taken by the 8 observers during 
the summer. Hence, the proposed net-work may be completed in 
10 summers. The Academy project, thus altered, can hence be 
easily carried out, and it remains for us to hope that this important 
work of great scientific interest may be completed in the near 
future. 

In concluding this chapter we give a specimen of field obser- 
vations from the French, and one from the Austrian survey, 
[Pp. 55-62.] 

\To be Continued.] 
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REPORT ON THE ATMOSPHERIC ELECTRICITY OBSER- 
VATIONS MADE ON THE MAGNETIC SURVEY 
YACHT "GALILEE," 1907-08. 

By p. H. Dike:, Obsejrver. 

In addition to the magnetic work on board the "Galilee," an 
attempt was made during her final cruise (Sitka, Honolulu, Mar- 
shall Islands, Christchurch, Callao, and San Francisco), 1907-08, 
to secure some observations at sea of the electrical condition of the 
atmosphere. These were intended to include potential gradient, 
conductivity, and the radioactive deposit on a charged wire. 

The first, the determination of the potential gradient, after care- 
ful consideration of the conditions on board a sailing vessel, seemed 
quite impracticable, and no serious attempt was made to secure 
observations. The rolling of the ship, the flapping of the sails, 
and the varying positions of the yards and boom under various 
sailing conditions, all contributed to make the problem of reducing 
observations of potential gradient to a uniform basis too compli- 
cated to be undertaken. On board a steamer the conditions would 
be less variable and it might be possible to reduce readings to 
"values for undisturbed sea by means of simultaneous observations 
in port with the vessel at anchor and the second collector and 
electroscope mounted on a raft at some distance from the vessel. 

It was possible only once to secure potential observations at 
sea, viz., on the 7th of December, 1907, during a period of absolute 
calm, when even the long swell had almost died out, in latitude 
22° 40' south and longitude 170° 36' east. A small skiff was put 
overboard, and the writer, assisted by Mr. D. C. Sowers, Magnetic 
Observer on the "Galilee," rowed out about 100 yards from 
the ship. The Elster and Geitel flame collector was set up on its 
ebonite rod, at a height above sea level estimated at 2 meters. 
Large, and extremely variable, potentials were obtained, varying 
rapidly from zero to potentials beyond the capacity of the electro- 
scope. The mean value would be not far from 90 volts per meter. 
The conditions on this day were so abnormal that not much value 
can be assigned to the observations, though they encourage the 
assumption that the potential gradient over the sea is not so very 
different from that over the land. 

Owing to breakage in the box of dry piles in transportation and 
the consequent failure of the means of maintaining a high potential 
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on the charged wire, the radioactivity work was not satisfactory, 
as it was not found possible to reach a potential much above 1,000 
volts, even with the box of dry piles opened to the hot sun. How- 
ever, several exposures of a copper wire about 10 meters long 
were made during the first half of the voyage. In the neighbor- 
hood of land, as off the coast of Alaska and in Cook Strait, New 
Zealand, December 21, 1907, the observations showed conclusively 
the presence of radioactive emanation in the air, even with the 
low potential available for charging the wire. In Cook Strait a 
value for A (the "aktivierungszahl" of Elster and Geitel) of 40 was 
found, the deposit decaying to half value in about 40 minutes. 
But in the open sea no increase in the rate of discharge of the 
electroscope used for testing the exposed wire could be detected. 
With a better charging device it might be possible to obtain some 
result, but it would probably be only a very small fraction of that 
on or near land. 

Rain water, caught as it fell and immediately evaporated to 
dryness, showed no sign of radioactivity. The electroscope read- 
ings were always difficult, and not of sufficient accuracy to detect 
extremely small effects. The electroscope was always placed so 
as to allow the leaves to swing in a plane parallel to the length 
of the ship, so as to eliminate the effect of rolling as far as possible, 
but the leaves were never quiet and their mean position had to be 
estimated. 

The only really satisfactory instrument for regular use on board 
ship was the Gerdien apparatus for determining the specific con- 
ductivity of the air. An Ebert ioncounter was also included in 
the outfit, but its leakage was too great and the time necessary for 
a single determination too long, so no results were obtained with it. 

The Gerdien conductivity apparatus was the same as used by 
Mr. J. E. Burbank in his work in Labrador during the eclipse of 
1905.* A uniform current of air is drawn by means of a fan 
through a cylindrical condenser, tfie inner cylinder of which is 
connected with the leaves of an aluminum leaf electroscope. The 
outer cylinder is 16 cm. in diameter and 35 cm. long, while the 
inner cylinder is 1.4 cm. in diameter and 24 cm. long. The capacity 
is 12.9 electrostatic units. The inner cylinder being charged to a 
known potential, read on the electroscope, air is drawn through 
for a measured interval of time, usually five minutes. The ions 

* See Jour. Ter. Mag., v. XII, No. 3, Sept. 1907, pp. 97-io4i for description of 
instrument. 



Digitized by 



Google 



THE GALILEE ELECTRIC WORK 121 

of opposite sign to the charge on the cylinder will be attracted 
to it from the air passing by and a certain portion of the charge 
will thus be dissipated. Only those ions will reach the inner cylinder 
which have a sufficient velocity to carry them across the inter- 
vening space before they are carried by. Hence the number of 
ions reaching the inner cylinder is practically independent of the 
velocity of the air current so long as it is sufficient to prevent 
saturation currents from being established, and it is only necessary 
to avoid falling below a certain minimum velocity. Knowing the 
capacity and dimensions of the instrument and the time during 
which the air current has been passing, the specific conductivity 
of the air can be computed from the potential of the inner cylinder 
at the beginning and the end of the exposure. 

The instrument was at first mounted on a ship gimbal stand, 
which was placed on top of the forecastle, under the observing 
bridge for magnetic observations, and for one-half of the voyage 
the observations were made at that place. The location was, how- 
ever, not satisfactory on account of the neighborhood of the galley 
smokestack, smoke from which often reached the instrument during 
calms or while sailing by the wind. Accordingly, on the cruise 
between New Zealand and Peru (on February 3, 1908) the gimbal 
stand was moved to the main deck, just forward of the main hatch 
and still under the bridge. Here there was no further trouble 
from smoke. There was never any spray on board during observa- 
tions, as in weather rough enough for spray it was impossible to 
read the electroscope. The only use of the gimbal stand was to 
make it possible to balance the instrument during readings so as 
tc get equal divergence with both leaves. During readings, the 
instrument was turned so that the leaves swung in a plane parallel 
to the length of the ship, while during the exposure it was turned 
so that the cylinder faced into the wind. The crank was rotated 
uniformly at a rate of about 80 turns per minute. 

The electroscope was roughly calibrated at Sitka, Alaska, 
August, 1907, using dry cells and a battery of 200 cells of zinc- 
copper elements in a weak solution of magnesium sulphate. The 
method was very inaccurate and not much weight is given to the 
calibration. A second calibration was made in the Physical Labora- 
tory of Canterbury College, Christchurch, N. Z. (January 7, 1908), 
with the permission and kind assistance of Dr. C. Coleridge Farr, 
to whom I take this opportunity of extending my thanks. This 
calibration, by potentiometer method, was very good, and agrees 
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closely with a final calibration at the United States Bureau of Stand- 
ards upon the return of the instrument to Washington (July lo, 
1908). The same pair of leaves was used throughout the voyage. 
In the computation of the results the Sitka calibration is used from 
Sitka to Honolulu (August loth to August 28th), the Christchurch 
calibration from Honolulu to New Zealand (September 23d to 
December 24th), and the Bureau of Standards calibration for the 
remainder of the voyage (January i6th to May 7th). The observa- 
tions made between Sitka and Honolulu have not been included in 
the means, being considered as practice observations. 

The results are shown in the accompanying table, where only 
the mean values for each day's observations are given. The columns 
X^.io^ and X„.io^ are computed from the observed fall in potential 

V 
of the electroscope system by means of the formulae \p = AT' log -z~ 

and \n = K' log -jyjr where K' is an instrumental constant, depend- 

^ p 
ing on the capacity and dimensions of the instrument and the time 

of exposure, V'n is the initial negative charge on the system and 

V"n is the charge remaining after exposure. For the instrument 

used, with a time of exposure of 5 minutes, A^' = 1.6 x lo""^. \p is 

the specific conductivity of the air for positive electricity and 

X„ that for negative. 

A/ + X« = X, the total specific conductivity of the air. The 

ratio, Y^, of the specfiic conductivities, is also given for the mean 
X» 

conductivity for each day. 

The temperature is that inside a thermometer shelter attached 
to the outside of the cabin. The barometer reading is that of an 
aneroid whose correction was known. The values of relative 
humidity are very rough, as there was no adequate means at hand 
for measuring it. The wet bulb thermometer was hung inside the 
thermometer shelter and no artificial ventilation applied. The values 
given are interpolated from the readings by the meteorological ob- 
server at 8:00 A. M... 12:00 noon, and 4:00 p. m. The direction 
and force of the wind and the state of the weather are indicated in 
the next two columns. Under "Weather," h signifies clear, he, 
partly cloudy, and c, cloudy. 

The noon position of the ship is given as the geographical loca- 
tion of the observations, as they were usually made within two 
or three hours of noon, and the rate of progress of the ship on 
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days when the sea was not too rough for observing was not great 
enough to make the position in error by more than 15 or 20 miles. 
Leakage tests with both ends of the outer cylinder closed to 
exclude air currents were made frequently and showed values for 
the leakage of about the same order as the probable error of a 
reading of the electroscope. Consequently no correction for leakage 
has been applied and the values of X« and \p are probably too 
large by about o.io x lo""^. 

The measurements of the specific conductivity give as a mean for: 
\p = {i.6oj) {ic^^) electrostatic units {from 258 observations) and 
\n = {^'433) (-^o"~^) " '* {from 260 observations). 

The 7nean ratio, ^= 1.12. 

The barometric pressure apparently affects the conductivity, as 
the mean values for \p and X« for 34 days with the pressure below 
762.00 mm. are (1.61) (io~^) and (1.46) (io"~4) respectively, while 
24 days with the pressure 762.00 mm. or above, the mean values 
for A.^and A^are (1.52) (io~^) and (T.31) (lo""-*) respectively. High 
barometer apparently causes a decrease of conductivity. This may, 
however, be due to the fact that the low barometric readings were 
nearly all within the tropics while the high readings were in higher 
and lower latitudes, so that the effect may be regional rather than 
directly due to the pressure. 

No effect due to the relative humidity of the air is discernible. 
The mean values of the conductivities with the relative humidity 
below 80 are almost identical with those with the humidity above 
80. But as noted above the values of humidity are not reliable. 

It is of interest to note that the ratio -^ is considerably above 

unity and that it is pretty consistently so, though there are several 
individual values of the ratio below unity. This was especially so 
in the portion of the voyage from the equator southward along 
the 170th meridian east, to New Zealand (November 19th to Decem- 
ber 24th), where over a third of the values are below unity and the 
mean value is only 1.04. Throughout this region calms and light 
baffling winds were encountered, with some squalls — the usual 
"doldrum" weather. In regions of steady winds and settled weather 
conditions the ratio was almost invariably above unity. Most of 
the abnormally high values of the ratio occurred during cloudy 
weather, or under unusual atmospheric conditions. 

In view of the fact that no measurable amount of radioactive 
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deposit could be collected on a negatively charged wire while out 
in the open sea, it seems impossible to explain the value of the 
ratio, as has been attempted, by ascribing the greater rate of dis- 
persion of a negative charge to the ionizing effect of the deposit 
collected on the negatively charged inner cylinder.^ 

It seems doubtful that the radioactive emanations can have any 
important influence on the ionization of the air thousands of miles 
from any land, and they certainly can not be the main cause of 
the ionization, which is as intense as on shore. We must look 
elsewhere for the ionizing agent, and the observations give little 
information as to its nature. It has been suggested that the air 
may contain charged particles from the friction of the wind on 
the sea, but there is no evidence that the ionization is greater during 
<". wind than in a calm. The action of sunlight on the water might 
cause an ionization of the air, but the conductivity seems as great 
in cloudy as in fair weather. 

If the conductivity were greater in regions of high pressure, 
that is, of descending air currents, it would seem possible that the 
ionization came from the upper regions of the atmosphere, ionized 
perhaps by cathode rays from the sun, but the observations show 
the reverse to be true. 

If a penetrating radiation reached the lower layers of the atmos- 
phere from some source external to the earth it might cause the 
observed ionization, as well as account for some of the phenomena 
of ionization in closed vessels, such as the diurnal variation of the 
rate of leak in a closed vessel screened on all sides except the 
top, which shows a pronounced midday maximum.^ 

No attempt was made to secure information as to the diurnal 
variation of the conductivity of the air at sea, a subject which 
should be investigated. 

While the work done has served mainly to point out the diffi- 
culties to be encountered in using the present types of instruments 
at sea, still some information has been accumulated which may be 
of value in conjunction with future work undertaken in similar 
fields. Also, the probability that the earth-air current is of the 
same order of magnitude over the sea as over the land has been 
strengthened. 

Department Terrestrial Magnetism, August 5, 1908. 

1 KuRZ, Dissertation zur Erlang^ung der Doktorwiirde, Giessen, 1907. 

2 Strong, Physical Review ^ vol. XXVII, No. 1, July, 1908. 
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LETTERS TO EDITOR 



SUR LE MOUVEMENT D'UNE AIGUILLE AIMANTEE LIBRE- 
MENT SUSPENDUE. 

[Zi-ka-wei, Hongkoag et Manille.] 

Si on suppose une aiguille magn^tiqne librement suspendue, et qu'on 
imagine un observateur plac6 au point de suspension et regardant le 
p61e nord, le Dr. L. A. Bauer a montr^ qu'en la plupart des stations le 
mouvement se produit dans le sens des aiguilles d'une montre. M. G. 
W. Littlehales a appliqu^, ici m^me (vol. I, p. 62), ce th^or^me ^ Zi-ka- 



fi^t Oto£ 0^.1905 



]£l 



1-4 



tSMi 2!fW f%W 2SbW ^W 

I 

I4A 



Qilse (I3sc 




Manille 



Zi-ka-wei 



ifiS. 



1^ 



|I6K) 



1851 



\ 



A. 



4&iaQ5 



> 




J3SLi 



Ir 



ifiSL 



J«94 



1887 



O" 



1873 



llA 



^^ 



1863 



wei et ^ Hong-kong, et propose des formules empiriques pour repr^sen- 
ter la variation s^culaire de D et de /. 

J'ai 6t6 conduit a revenir sur ce sujet et i ajouter une quinzane d'an- 
n^es aux listes dont disposait M. Littlehales. J'y ai joint Manille. 

A partir de la fondation de chacun des observatoires, je n'emploie 
que les mesures de I'observatoire : elles pr^sentent manifestement plus de 
continuity. 

Etant donn^e la petitesse des variations, il n'a pas paru n^cessaire 
de construire une projection proprement dite; un simple quadrille met 
assez en Evidence Failure du mouvement. Les courbes repr^sentent les 
valeurs observes. Elles appellent quelques remarques : 

1. Les courbes de Hong-kong et de Zi-ka-wei ont leur point le plus 
bas simultan^ment vers 1884. Manille a dil Tavoir une quinzaine d'an- 
n6es plus t6t. 

2. A moins de rejeter I'observation de 1840, et malgr^ I'extr^me len- 
teur du mouvement en D, ^ Manille la rotation est nettement contvaire 
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au sens des aiguilles d'une montre, et cela depuis plus de 60 ans. Ex- 
ception notable i la r^gle g^n^rale.^ 

3. La courbe de Zi-ka-wei, dont la rotation depuis 1858 ^tait normale, 
pr^sente depuis une quinzaine d'ann^es, sa courbure vers la gauche, i. d. 
que le mouvement est ^galement exceptionnel. Cette tendance s'accen- 
tue et parait bien exister aussi k Hong-kong. C'est cette anomalie, en 
trois stations assez roisines, que je d^sirais signaler. 

4. Pour le dire en passant, il est curieux qu'en deux stations aussi 
roisines que Manille et Hong-kong et situ^es presque sur la ni^me ligne 
isogone, la rotation des aiguilles soit oppos^e, tandis qu'i Hong-kong et 
k Zi-ka-wei, I'allure des deux courbes a de si grandes analogies. 

J. DE MOIDREY, S. J. 





Zi-ka-wci. 


Hong-kousr. 


Mauille. 




Anntes. 














Ann^s. 




D 


I 


1 ^- 


I 


D 


I 


























1840 










O.30E 


16.45 


1840 


1858 


I.83W 


45-35 




31.10 






1858 


1875 


1.98 


46.23 


O.93E 


32.12 






1875 


1876 


2.03 


46.23 


0.60 








1876 


1877 


2.03 


46.23 










1877 


1878 


2.01 


46.22 










1878 


1879 


2.02 


46.25 










1879 


1880 


2.04 


46.27 










1880 


1881 


2.05 


46.29 










1881 


1882 


2.07 


46.32 










1882 


1883 


2.10 


46.30 










1883 


1884 


2.14 


46.32 


0.78 


32.45 






1884 


1885 


2.15 


4630 


0.75 


32.44 






1885 


1886 


2.17 


46.28 


0.72 


32.43 




1 


1886 


1887 


2.l8 


46.27 


0.70 


32.37 


O.80E 


17.47 ■ 


1887 


I8b8 


2.18 


46.24 


0.68 


32.35 






1888 


1889 


2.19 


46.19 


0.64 


32.28 


0.80 


17.39 


1889 


1890 


2.21 


46.15 


0.62 


32.17 


0.81 


17.36 ; 


1 1890 


189 1 


2.23 


46.10 


0.59 


32.08 


0.83 


i;.27 


189I 


1892 


2.24 


46.06 


0.56 


32.06 


0.83 


17.12 


1892 


1893 


2.26 


45.99 


0.52 


31.95 


0.84 


17.02 


1893 


1894 


2.27 


4596 


0.49 


31.88 


0.84 


16.91 


1894 


i«95 


2.28 


45.92 


0.46 


31.78 


0.86 


16.82 


1895 


1896 


2.30 


45.88 


0.43 


31.69 


0.85 


16.66 


1896 


1897 


2-31 


45.85 


0.39 


31.60 


C.86 


16.55 


1897 


1898 


2.32 


45.82 


0.38 


31.56 


0.86 


16.48 


1898 


1899 


2.34 


45.79 


0.35 


31.49 


0.87 


16.33 


1899 


1900 


2.37 


45.76 


0.31 


3 1. -11 


0.87 


16.26 


1900 


1901 


2.41 


4569 


0.27 


31.35 


0.87 


16.19 


I90I 


1902 


2.42 


45.66 


0.25 


31.27 


°-?3^ 


16.13 


1902 


1903 


2.46 


4565 


0.22 


31.19 


0.85E 


16.04 


1903 


1904 


2.47 


45.64 


0.18 


31.16 






. 1904 


1905 


2.51W 


45.62 


O.15E 


31." 






1905 



1) The difficulty here may be due partly to the small amount of secular change in 
the declination necessitating absolute comparableness of the results prior to the ob- 
servatory values with the latter ones. For example, a moderate local disturbance 
due to difference of stations might easily reverse the direction of motion. It is un- 
fortunate that there are no observations at Manila between 1840 and 1887. However, 
as I have pointed out at various times, we have evidences in certain regions of revers- 
als which thus far appear to be either of no great magnitude (in comparison to the 
total curve) or to be of comparatively short duration. — L. a. b. 
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THE NEW ZI-KA-WEI MAGNETIC OBSERVATORY. 

Les tramways ^lectriques de Shanghai ont commence ^ fonctionner 
depuis quelques jours. J'ai ^teint ce matin les lampes de notre vieil 
en regis treur ; elles avaient ^t^ allume^s par le F. M. Dechevrens, en 
f^vrier 1877: 31 ans. 

Nous allous dans quelques jours nous transporter ^ la nouvelle station 
dont les constructions sont presque acheve^s, et nous y reprendrons les 
observations le plus t6t que nous pourrons. 

L'adresse de Tobservatoire reste la m^me. 

J. DE MOIDREY, S. J. 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY 

April I — ^June 30, 1908 



GREENWICH MEAN TIME 


RANGE 


Beginning 


Ending 


D 


H 


z 


April 6, 


h m 
6 25 


April 8, 


h 
7 


/ 
20.8 


7 
108 


7 
66 


May I, 


2 49 


May 3, 


2 


20.1 


121 


49 


May 23, 


I 00 


May 26, 


17 


39-9 


161 


175 



There were no storms of any magnitude during June. 

J. E. BuRBANK, Odserver-in- Charge. 
O. H. TiTTMANN, Supermtendent, 
Coast and Geodetic Survey. 
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NOTES 



6. PERSONALIA. The death is announced, at Paris, of Dr. Luiz 
Cruls, director of the Observatory of Rio de Janeiro. 

Dr. IV. F. King, chief astronomer, Department of the Interior, 
Canada, on the occasion of His Majesty's birthday, was made a Com- 
panion of the Order of St. Michael and St. George (C. M. G.). 

Capt. Carl Koldewey (i 837-1 908), for many years in charge of the 
compass work of the " Deutsche Seewarte," and in connection with 
which duties he rendered distinguished service, died on May 19th. He 
had commanded two German North Polar expeditions, 1868-70, one to 
Spitzbergen, and the other to north Greenland. He is the author of 
various publications on magnetism, meteorology, and oceanography. A 
biographical sketch will be found in Heft VI, 1908, of the Annelen der 
Hydrographie. 

We regret to be obliged to record the death of Prof. E. E. N. Mas- 
cart on August 26, at the age of 71. A portrait and biographical sketch 
will be found in the Journai., vol. VI, 190 1, Plate II, and p. 76. 

Dr. H. Morize has been appointed director of I'Observatoire de Rio 
de Janeiro in succession to the late Prof. L. Cruls. 

Sehor MorcTioy Anda severed his connection with the Observatorio 
Astronomic© Nacional, Tacubaya, Mexico, on February ist, having been 
appointed to a position in the Central Agricultural Station (Estacion 
Agncola Central), as also to a professorship in the National College of 
Agriculture (Escuela Nacional de Agricultura). 

Sir Arthur Riicker, F. R. S, retires from the principalship of the 
University of I^ondon on September 30th, and will be succeeded by 
ZV. H. A. Miers, F. R. S. I^et us hope that this will permit Sir Arthur 
to resume his researches in terrestrial magnetism ! 

Dr. Adolf Schmidt has been appointed to a professorship in geo- 
physics at the University of Berlin. 

Dr. Kurt Wegener will relieve Dr. Angenheister of the direction 
of the Samoan Observatory of the Gottingen Academy of Sciences, 
at the termination of the latter's two years' service. Dr. Franz Lincke^ 
the predecessor of Angenheister, will take charge of the " Aeronaut- 
ische Abtheilung" of the Frankfort Plij'sical Society. 
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ABSTRACTS AND REVIEWS 



RECENT MAGNETIC DECLINATIONS AND ISOGONIC 
CHART FOR THE ADRIATIC SEA^ 

Thanks to the enterprise of the Pola Hydrographic Ofl&ce, a series of 
carefully made determinations of the magnetic declination was obtained 
by Captain W. Kesslitz between May 31 and June 24, 1907, at 22 stations 
along the Austrian-Hungarian coasts, at fifteen of which observations 
had been secured in previous magnetic surveys, e. g., KreiUs (1850- '54), 
Schellander's (1867- '70) or I^aschober^s and Kesslitz's (1889- '90). There 
had been no re-determinations of the secular changes since 1890. It is 
to be regretted that it was not possible to have included likewise repeat 
observations of the other elements. 

Judging from the experience had in the United States, it would 
appear to be necessary to secure repeat observations at intervals of not 
more than 5 years. It is quite possible, however, that the phenomena 
of the secular variation are much less complicated in Europe than in the 
United States. Nevertheless, in order to be on the safe side, it may be 
well to bear in mind that the average secular change in the magnetic 
declination as deduced from observations in 1890 and 1907 will not nec- 
essarily apply to the mean epoch 1898.5 nor be the same as that deduced, 
e, g.y for the interval 1890-1900 or, say, 1895-1907. In the United States 
such assumptions would lead to serious errors in the secular variation 
reductions, nor would it be safe, here, to predict the secular change for 
the ten years 1907- '17 on the basis of the differences between 1890 and 
1907 and earlier epochs. There are much shorter sub-periods involved 
in the secular variation than generally supposed. 

The foregoing remarks are not made with any view of criticising the 
author's admirable work, but rather to assist in the interpretation of the 
facts secured when compared with similar data in other regions and es- 
pecially to point out to European magneticians the need of obtaining 
more frequent repeat observations than has been generally their custom. 
For there is good reason to believe that some of the peculiar and abrupt 
changes encountered in the United States in recent years are occurring 
over the greater part of the Earth, in greater or less degree. 

Making use of the observations of 1889, 1890, 1893 and 1907 and 
reducing them to 1907.0 with the aid of the quadratic secular variations 
formulae established for the interval 1 854-1907, the author constructed 
his "isogonic chart" for the Adriatic Sea, epoch 1907.0 which, in its 

1 W. Kesslitz : Bestimmungen der magnetischen Deklination im osterreichisch- 
ungarischen Kiistengebiete, ausgeftihrt im Sommer 1907. Veroflf. des Hydrog. Amtes 
der K. u. K. Kreigsmarine in Pola. Gruppe IV, Heft IV, Nr. 25, Pola, 1907. Pp. 30 
and I pi. 
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general features, shows the same anomalies in distribution as already 
indicated in the 1890 chart. He also points out the correlation between 
the magnetic anomalies and certain geological formations. 

. L. A. B. 

PALAZZaS COMPARISONS OF SOME MAGNETIC 
STANDARDS.^ 

During June and July, 1902, Palazzo compared carefully the magnetic 
standards of the Ufficio Centrale Meteorologico di Roma (magnetometer 
Dover-Schneider and dip circle Dover No. 51) with the standards of the 
Potsdam and Pola magnetic observatories. In the table, p. 13 of his 
publication, 1 he summarizes the results of the present comparisons as 
also those previously made, viz. : 

Correction of Rome standards on 





Potffdam, 

1902.4 


Pola, 

1902.6 


Pare §t. 
Maur, 

1898.7 


Kew, 

1898.7 


Mean. 


Declination, 

Inclination, 

Horizontal Intensity, . . . 


— 0.3 

— 0.2 

— 57 


+ 0.9 

— 1-3 

+ 27 


-f 0.6 
+ 1.9 
+ 97 


— 0.7 
+ 0.7 
+ 67 


1 
+ 0.1 

+ 0.3 

+ 37 



The correction for declination, as given in above table, is to be 
applied algebraically regarding west declination as negative, (The 
author's signs are for west declination positive.) Strictly speaking, of 
course, when obtaining a mean correction, as contained in the last column, 
consideration should be given to the fact that the inclination as also the 
horizontal intensity corrections are functions of the absolute quantities, 
hence not absolute quantities in themselves. L. A. B. 



OBSERVATORY INTER-COMPARISONS OF MAGNETIC 
STANDARDS} 

In accordance with the recommendation of the International Mag- 
netic Commission, Innsbruck, 1905, the Chairman [Rykatchew] and the 
Secretary [Adolf Schmidt] elaborated a plan according to which com- 
parisons were to be made in turn by the various countries entering into 
the agreement. It was proposed to designate two years for each country; 
thus, e. g. 1907 and 1908 were assigned to the Konstantinov Observatory. 

1 Palazzo, h. Confronti degli Strunienti Mag^netici dell' Ufficio Centrale Mete- 
orolog^ico e Geodinamico di Roma con quelli degli Osservatorii di Potsdam e di Pola. 
Ann. Uflf. Centr. vol. XXII, pt. i, 1901, N. 4; Roma, 1907. Pp. 15. 

2 Extracted from General Rykatchew's report of the sessions of the International 
Meteorological Conference, Sept. 10- 13, 1907. (Bulletin de 1' Acad^mie Imp^riale des 
Sciences de St. Petersbourg, 1907.) 
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Accordingly the senior observer at this Observatory was detailed in 1907 
to Tiflis, Ekaterinenburg and Irkutsk and in 1908, it is proposed, if an 
opportunity presents itself, that the director of the same Observatory be 
detailed to Upsala, Potsdam, Kew, Paris, Vienna and Krakau. In 1908 
and 1909, there is proposed a series of comparisons by an observer from 
the Potsdam Observatory. In the following years, the comparisons are 
to be made by other countries. These arrangements are, of course, at 
present but provisional. L. A. B. 

Wilson, C. T. R. : On the Measurement of the Atmospheric Electric 
Potential Gradient and the Earth-air Current} 

The paper contains an account of a series of measurements of the 
charge upon and the current through a conductor exposed to the Earth's 
electrical field and maintained at zero potential, with the object of test- 
ing the method and of determining whether the apparatus gives results 
from which the current from the atmosphere into the ground may be 
deduced, the potential gradient being known. 

The observations were carried out in a level field in the bottom of a 
valley about 25 miles south of Edinburgh, about 700 feet above sea level, 
from September, 1906, to April, 1907, and later ones were made at the 
mouth of a smaller tributary valley where the grass was kept short by 
the sheep. 

The apparatus has been previously described and consists of a gold 
leaf electrometer, the case of which is maintained at a suitable constant 
potential by means of a quartz Leyden jar. A horizontal blackened 
brass disk is supported by a metal rod which carries the gold leaf. This 
test plate, 7 cm. in diameter, is surrounded by an earth-connected guard 
ring, from which it is separated by an annular air gap oi 2]/i mm. wide. 
A cylindrical cover rests upon the guard ring and shields the test plate 
except when it is to be exposed to the influence of the Earth's electrical 
field. 

During exposure the test plate and gold leaf are maintained at zero 
potential by means of a compensator consisting of a cylindrical con- 
denser of which the inner conductor is a metal rod connected to the gold 
leaf system, the outer condenser being a brass tube maintained during 
any series of observations at a constant negative potential by means of 
a quartz Leyden jar, and capable of sliding parallel to its length to give 
a variable capacity. 

Alternate sets of readings were made with the test plate alone and 
with a circular piece of turf on the test plate, in order to compare the 
dissipation from a surface similar to the ground with that from the test 
plate alone. 

1 Read before the Royal Society, March 19, 1908. 
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The dissipation factor is expressed as the percentage of the charge 
on an earth-connected, exposed body which is neutralized per minute. 
The dissipation factor for the test plate alone was found to be practically 
the same as for the turf, though the charge on the turf was about three 
times as great and the distribution of charge very diflferent. The agree- 
ment is sufficiently good to warrant assuming a definite dissipation fac- 
tor depending on the condition of the atmosphere. Sunshine seems to 
produce no marked effect. 

In order to get a closer approximation to actual conditions at the 
surface of the ground instead of at the elevated test plate, a large 
wooden test plate and guard ring with its surface very little elevated 
above the ground was constructed and connected with the test plate of 
the apparatus. Alternate determinations were made with the small and 
the large test plates, precautions being taken that the field was not dis- 
turbed by the presence of the observer. From these observations it was 
found that the mean density of the electrification upon the exposed test 
plate when at zero potential was nearly 4.2 times that upon the surface 
of the ground. 

Usinc this reduction factor the mean of the observations extending 
over a year give a mean value for the current per square centimeter of 
ground of 2.2 X 10— ^^ ampere, agreeing with Gerdien's value (2.4 X 10— »6 
ampere) deduced from measurements of conductivity and potential 
gradient. The dissipation factor was least for cloudless, calm days, 
greatest for days with cumulus and clear atmosphere, and intermediate 
for overcast days. P. H. Dike. 

Strong, W. W. : Ionization in Closed Vessels^ 

The observations described were undertaken as a result of the diffi- 
culties encountered in an attempt to discover the eflfect of a magnetic 
field on the ionization inside an iron vessel. The variations of the rate 
of leak of the electroscope were found to be so great as to mask any 
effect of the magnetic field. 

The electroscopes used were partly of the Wilson type, — ^glass vessels 
lined with aluminum foil and a charged gold leaf and partly of a form 
consisting of a charged wire bent into a circular arc along which an 
earthed gold leaf moves as the potential of the wire is changed. This 
latter proved quite satisfactory, giving a practically straight line calibra- 
tion curve over a considerable portion of its path. 

A constant, minimum rate of leak was obtained by completely screen- 
ing the electroscopes with lead and iron screens, corresponding to the 
generation of 7 ions per c. c. per sec. in the screened vessel. The same 
rate of leak was found on immersing the electroscope in an underground 
cistern, except immediately after a rain, when the rate increased. 

1 Phys. Rev., I^ancaster, Pa., v. XXVII, No. i, July, 1908, pp. 39-60. 
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Unscreened, the electroscopes showed large variations, greater for 
large vessels than for small. The rate ot leak became very large during 
the middle of the day, with a maximum at 11 A. M. This was not due 
to direct sunlight, as the electroscope was kept in a rather dark room. 

Observations were made in the country, in the tower room, on the 
third floor and on the roof of the physics laboratory at the Johns Hop- 
kins University, and in a cave near Mechanicsburg, Pa. 

Excluding all light from the electroscope by means of a wooden cap 
did not materially affect the rate of lead. Screening it with lead and 
iron on all sides except the top did not greatly decrease the variations. 
During a snow or rain storm the rate of leak was very small. This rate 
of leak is apparently due to a variable penetrating radiation, which 
seems to come largely from the air rather than from the ground, since it 
can not be screened off by placing screens below the electroscope, since 
it is less in a cave than on the surface, and since it is subject to varia- 
tions which we would not expect if it arose from radioactive substances 
in the Earth. 

The radiation is greater in summer than in winter and produces a 
double daily period of the rate of leak. The author considers it prob- 
able that this radiation arises from radioactive products in the air, pos- 
sibly at considerable distances from the place of observation, since the 
coefficient of absorption for air is small. P. H. Dike. 



Lagrange, E. : Magnetic Storms and Wireless Telegraphy} 

Referring to a memoir published in the Bull. Soci^t^ beige d'Astr., 
1907, by M. Boutquin on the use of wireless telegraphy apparatus for the 
observation of atmospheric currents in polar regions, the author, while 
recognizing the suggestiveness of the phenomena described, doubts the 
advisability of attempting to use the practical wireless telegraphy out- 
fits for scientific investigation in the field till a more precise relationship 
between the electrical and meteorological phenomena observed is estab- 
lished. 

The coherer has a high resistance and only responds to an oscilla- 
tory discharge of considerable potential. If, as appears from the work 
of Prof. Schmidt, of Potsdam, the origin of cosmic magnetic storms is to 
be found in electrical vortices in the atmosphere, little effect can be pro- 
duced by them on the vertical antennae of a wireless telegraph station, 
since the variations of magnetic force will be nearly vertical and the re- 
sulting electric potential at right angles to the antennae. Moreover, 
these variations are slow, giving rise to only slight electro-motive 
forces ; so that wireless telegraphy apparatus should be practically in- 
sensible to magnetic storms. P. H. D. 

1 B. Lagrangb : Perturbations magn^tiques et t^legrdphie sans fil. Extr. No. 
5 (1907) Bull. Soci^t^ belike d'Astr. Pp. 5. 
6 
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SOLAR MAGNETISM. 
By W. J. Humphreys. 

The recent study of Sun-spots by Hale^ and his coworkers 
at the Carnegie Solar Observatory on Mount Wilson has led 
to important discoveries, of which probably the most funda- 
mental are : 

(a) That the spots are cooler* than the surrounding regions; 

{b) That they are centers of violent cyclones; 

(c) That they are accompanied by magnetic fields of great 
intensity. 

Many pumerical details and other discoveries are to be ex- 
pected from this Observatory at any time, but, accepting the above 
conditions as definitely proved to exist, the author begs to submit 
the following discussion of them. 

The temperature of any part of the Sun's surface — that of a 
spot for instance — may be modified by conduction, by expansion 
and by compression in convectional movements, by radiation, by 
absorption, and possibly by chemical changes and by ionization 
processes. But there appears to be no safe means of estimating 
the probable extent of chemical change, though " cyanogen " and 
other bands indicate its presence, and the magnitude of the 
ionization effect is equally uncertain. Conduction, however, must 
be small in the outer and rarer portions of the Sun's atmosphere, 
just as it is in all known gases. Convection, if rapid, would cause 

'^ Astro. Jr. 24, 185, 1906; 25, 75, 1907; 28. 100, 1908. 

*Also indicated by Abbot in IV of plate VIII, Appendix V oi Annual Report 
of the Smithsoniafi Institution, 1904. 
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adiabatic changes, but in the case of an upward movement the 
gas would soon cool to temperatures below those of the surround- 
ing regions so that owing to its increased density it would cease 
to rise and therefore only an explosive action could produce an 
uprush to considerable elevations, and thus secure decided 
cooling. 

The extent to which simple convection can cool the atmos- 
phere of the Sun may be approximately calculated as follows. 

Let two planes of the same absolute temperature, T^ be 
placed parallel to each other and close together. Then anything 
between them will have the same temperature, 7",. Now let A^ be 
the number per second of heat units absorbed by this object, 
which we will assume to be a thin perfect conductor one centime- 
ter square, placed parallel to the radiating planes, and let H^ be 
the number of heat units radiated normally to it by the two 
planes jointly in one second, and E^ the number it loses per second 
by radiation. Then by the Stewart-Kirchhoff law: 




where R^ is the number of heat units per second of the same 
wave-length the object would radiate at the temperature 7", if it 
was a perfectly black body. But as this equation is true for each 
separate wave-length involved, it must be true for their sum. 

When equilibrium is reached A^ = E^, and therefore H^ = ^,. 

Now let one of the planes be removed. The heated object will 
come to equilibrium at some new temperature T^, and the equa- 
tions will be: 






= Aj , and //^ = H^ 



Evidently ^^^=^ • 

R T* 2 

From the Stefan-Boltzman law we know that —^ = -^ = 

and hence T^ = .84 T^ approximately. 
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Therefore if the temperature of the eflfective radiating surface 
of the Sun is 6,ooo°C, that of an isolated mass floating above it 
and undisturbed by convection, that is, heated by radiation only, 
will have a temperature of about 5,ooo°C ; and this is the minimum 
temperature to which ordinary convection can cool the rising gas. 
Hence masses rising by convection and masses explosively driven 
up must become cooler than the effective radiating surface, but 
only the latter can be greatly cooled ; and as observations declare 
the spots to be relatively cool, and as no other method of cooling 
is obvious, it seems necessary provisionally to attribute this effect 
to violent eruptions of some kind, caused by explosions from within 
or by removal of pressure from without. 

The second of the above discoveries, the cyclonic action, also is 
beset with difficulties. Since probably there is no great difference 
between the temperatures of different parts of the surface of the 
Sun, it appears unlikely that there can be strong equator-to-pole- 
and-return currents, such as exist on the Earth, and to which our 
cyclonic storms mainly are due; nor have such currents been 
definitely observed, unless they are to be inferred from the unequal 
angular velocities of different latitudes. 

Accepting the observed linear velocity of the whirls of 10^ cen- 
timeters per second it is interesting to calculate the resulting 
centrifugal force. 

Assuming the diameter of the whirl to be fifty thousand kil- 
ometers, we get for the centrifugal force, 

f-=^m 10*, 

or under the above conditions the centrifugal force would be about 
one and one-half times the gravitational force at the surface of 
the Sun. And this, in the case of a surface or thin whirl, would 
cause a great decrease of pressure in the center of the spot and 
a correspondingly rapid uprush and cooling by expansion of 
the gases from below ; all of which apperrs to be favorable 
to the formation and maintenance of a spot. But how the 
linear velocity in the whirl, fifty times the equatorial velocity 
of the Sun, is obtained is obscure, nor is it cleared up by the 
assumption of steep barometric gradients, as will next be shown. 

An extreme case of such gradients is given by the escape of 
gas at high pressure from its retaining vessel into a vacuum. 

Let the vessel be cylindrical and fitted with a movable pis- 
ton, and as the gas escapes let the piston be moved forward at 
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such rate as will keep the pressure constant. Let A be the area 
of the piston head, and d the distance it is moved against the 
pressure p ; then the work done by the piston is Apd, and this is 
equal to the kinetic energy of the escaped gas, that is, 

A p d= A d p — : 
where p is the density of the gas in the cylinder. Therefore 

V= \j—y a constant at a fixed temperature for any gas that obeys 
> P 

Boyle's law. In the case of gases that depart from this law p in- 
creases more rapidly than p, and their velocities, therefore, are 
correspondingly less. 

Applying the above equation to hydrogen, the substance most 
conspicuous in the whirls, at the temperature of the Sun we 
find V= Sj X. 10* centimeters per second, or less than one- 
eleventh the observed velocity. If, then, the whirls are of the 
grosser materials of the Sun, as they appear to be, they must have 
some origin other than barometric gradients in the outer gases. 

On passing to the third discovery, the existence of a strong 
magnetic field normal to the spots, other diffiulties are encoun- 
tered. According to laboratory experiments it is most unlikely 
that an intensely heated object, such as we know the Sun to be, 
can be a permanent magnet like a bar of steel, or even have a 
magnetic permeability much greater than unity. 

It is conceivable, of course, that under the enormous pressure 
far beneath the surface of the Sun, the substances present may be 
highly permeable, but there is no proof that such is the case, and 
therefore in the light of our present knowledge the source of Sun- 
spot magnetism must be sought for in the rotation either of sur- 
face charges or of volume ionization with one or the other class 
of electrons, that is, the positive or the negative, predominating. 

Assuming 5,000 C. G. S. units to be the value of the magnetic 
field intensity at the center of the spot — a value none too large to 
satisfy the observations — and assuming the whirl to consist of 
masses moving circularly around the center at the observed veloc- 
ity of IOC kilometers per second, and assuming further that the 
magnetic field is due to the rotation of a surface charge of g electro- 
magnetic units per square centimeter, we have, 

5 X 10' = 2 TT ^ 10' J = 2 V q 16' log^ r . 
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Let r be one hundred thousand kilometers, or 10** centimeters, 
then log^ lo** = 23 approximately, and^= 35 X IO"^ roughly. 

But Arrhenius' found for the electric charge of the Sun 42 X 
10"" electromagnetic units per square centimeter, a quantity that 
has to be multiplied by more than 8 X lo* to give the amount 
called for by the magnetic field, on the assumption that it is wholly 
due to the rotation of this surface charge. 

In the case of a uniform charge on the surface of a sphere the 
normal force per square centimeter, by virture of this charge, is 
given by the equation: 

F = 2 rr <r^ , 

where F is the force in dynes and c the number of electrostatic 
units per square centimeter! Therefore if the charge is 35 X lo"' 
electromagnetic units as above calculated, then 

/^ = 6 X 10® roughly, 

or more than 600 kilograms per square centimeter of surface; and 
hence it seems impossible that the observed magnetic field can be 
due to rotation at the observed angular velocity of a surface charge. 

It is well known that heated substances, metals and their 
oxides at least, give off electrons, and that the negative commonly 
are given off much more abundantly than are the positive, and fur- 
ther that this action increases rapidly with the increase of tempera- 
ture. Therefore it appears reasonable to expect the Sun, because of 
its high temperature, to be strongly ionized. We may also assume, 
from experiments of Richardson,' that the average kinetic energy 
of the free electrons is the same as that of gas molecules at the 
same temperature. If so, then because of their great velocity the 
Sun must lose, at least temporarily, many of its negative electrons. 

The average velocity of hydrogen molecules at 273°C. absolute 
is roughly 186 X 10' centimeters per second, and therefore the 
velocity of the negative electrons at the temperature of the Sun 
must be something like 



. 1 6,000 cm 

186 X lo' ^ ^^ 2,CXX) — 

or 372 kilometers per second. 

> Terr. Mag. and Aitnos. Elec. 10, i, 1905. 
^Phil. Mag.,ie, 353, 1908. 
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Any electrons that escape from the Sun, and probably many 
do, are acted on by at least three forces apart from any mutual 
actions they may have on each other — gravitational and electrical 
(assuming the Sun to be charged, as it must become, if electrons 
are lost either permanently or temporarily), both tending to bring 
them back, and radiation pressure tending to drive them away; 
all central forces, that is, acting radially. 

If we can regard the whirl in and about a Sun-spot as extend- 
ing very deep, and as made up in part of ions predominatingly 
positive or negative, as is the case in the Earth's atmosphere, 
then we have the equation : 

4 w C 



5 X 10' 



10/ 



where C is the total number of ampere turns in the solenoid, and 
/ its length in centimeters. In the case of rotating ions this equa- 
tion becomes 

5Xio' = 4«<rrz/ , 

in which n is the number of ions of one sign in excess of those of 
the other per cubic centimeter of the gas, e the electromagnetic 
charge of each ion, r the radius of the solenoid, and v the linear 
velocity of the gas. 

Assuming r to be lo^** centimeters this becomes 

5 X 10' = 4 w « io"3, and « = 4 X 10*, 

a number no greater than sometimes is found in portions of the 
Earth's atmosphere. 

The above appear to be some of the difficulties that must be 
considered in connection with the recent solar discoveries. Possi- 
bly, however, they may be avoided without getting away from the 
facts of laborator}'^ experiments by attributing most of the phe- 
nomena to ionization and to the movements of electrons. It may 
be that the observed great velocities in the whirls really are not 
due to any corresponding movements of the more ponderable 
materials, but rather to the rapid movements of negative elec- 
trons, such as occur within an electric arc, along a vacuum tube, 
or like rocket lightning and that comparatively leisurely moving 
lightning that is said to be a common occurrence in some parts of 
the world. This motion of the electrons, whatever its cause, 
would be of the nature of electric discharges, and of course 
would produce magnetic effects. 
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Assuming the spots to have strong magnetic fields, it is desira- 
ble to calculate their possible influence upon the Earth. 

Consider the case of a whirl extending diametrically through 
the Sun, and let each end have a radius of io'° kilometers with an 
average magnetic field intensity of 5,000 C. G. S, units per square 
centimeter. Then the maximum strength of its field at the distance 
of the Earth is given by the equation 

approximately, in which x is the distance of the Earth from the 
center of the Sun. In figures X = 10* roughly, or one y, an 
amount certainly too small to produce large effects, unless the 
magnetic permeability of the Earth is exceptionally high. 

If now we attribute the magnetism of a spot to a whirling disk 
we may substitute for it as an extreme case a single turn on the 
circumference of the spot. Let the field at the center be 5,000 
C. G. S. units as before, and the radius 10^® centimeters. Then 
the maximum force at the distance of the Earth becomes about 
14 X 10"', or one seventh of a y. But even this is many times 
greater than the effect due to the rotation of an evenly distributed 
volume charge in a comparatively thin disk, which probably more 
nearly represents the actual conditions than does a circumference 
current alone, while the solenoidal whirl extending through the 
Sun almost certainly does not exist. 

Hence it would appear that the magnetic condition of the Sun- 
spots is not the direct cause of terrestrial magnetic storms ; but it 
is conceivable that by virtue of their difference in temperature from 
Other parts of the Sun*s surface they may emit ions at a different 
rate and a different velocity, and that the resulting differential 
effects in the density and velocity of the electrons, as they stream 
past the Earth, may cause irregular and marked effects in the 
Earth's magnetic field. 

If the ions have unequal velocities, as seems well nigh certain, 
then the beginning of a magnetic storm, if due to the above cause, 
should be rather abrupt, and its continuance somewhat drawn out 
— 3, condition that agrees in general with the behavior of such 
storms. 

But the whole subject of solar and of terrestrial magnetism 
and of the connections between them, is full of difficulties whose 
solutions in spite of brilliant discoveries do not appear clearly in 
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sight. One can only raise objections and say of this and of that 
hypothesis that probably it does not oflfer a correct and complete 
solution. But in the present state of our ignorance even this is 
worth while. 

Moufit Weather Observatory, Va., 
Nov. 16 f igo8. 



ADDENDUM 



The current number of the Astrophysical Journal, just received, con- 
tains another valuable contribution from Hale, in which he gives the revised 
magnetic intensity of the spots as 2900 C. G. S. units. Consequently, while 
this in no wise affects the general conclusions, certain of the above numerical 
values need to be corrected in the ratio approximately of 3 to 5. 

He also reports in this latest paper the important fact that the moving 
charges are negative, which agrees with the suggestion that .the whirls may 
be due to some type of electric discharge. 

The idea above expressed that it seems necessary to attribute the rela- 
tively cool condition of Sun-spots to the effect of violent eruptions of some 
kind, is strongly supported in this same number of the Astrophysical Journal 
by Fox who, as a result of his observations, says: "Spot birth is always ac- 
companied by and generally antidated by an eruption." 

Nov, 27, igo8. 
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NOTE ON THE MAGNETIC EFFECT OF WINDS. 
By W. J. Humphreys. 

It is known that lightning discharges produce temporary dis- 
turbances of the Earth's magnetic field in their neighborhood, 
often of magnitude sufficient to produce departures of several 
millimeters on the records, but no disturbances have been detected 
that could certainly be traced to the movements of charged 
clouds. 

However, since a moving charge is an electric current, it fol- 
lows that charged clouds as they drift by, and ionized winds with 
an excess of either positive or negative electrons, must produce 
magnetic fields, at right angles to their line of motion, whose 
disturbance of the Earth's field depends upon the direction and 
the speed of the winds, and upon the kind and extent of their 
electrification. 

An extensive piece of work by Pacini' on the ionization of 
the air furnishes data that makes possible an approximate deter- 
mination of a limiting value for this disturbance. He found 
positive electrons in excess of the negative to varying extents. 
At one place. Mount Velino, 2487 meters above sea, the mean 
result indicated 2020 positive and 306 negative ions per cubic 
centimeter. 

Assume, therefore, one class of ions to be in excess of the 
other by 2000 per cm.', and let the wind be blowing along the 
magnetic meridian, parallel to the suspended horizontal magnet, 
with a velocity of 30 meters per second. This would be an 
extreme and particular case, but definite and its effects calculable. 

Consider a stream line whose shortest distance from the sus- 
pended magnet is r, and let the angle between the vertical at the 
magnet and this line of shortest distance be , then the horizontal 
deflecting force in dynes per unit pole at the magnet due to the 
electrons along this stream line will be 

^ 2 C cos 2 nev cos 

where n is the excess number of ions per centimeter length of the 
stream line, e the charge of each ion in electromagnetic units, and 
V the velocity of the wind in centimeters per second. 

1 N. Cimenio, 16, 5-23, Jan., 1908. 
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But since the suspended magnet is at the surface of the Earth 
we can consider the action on it of a half cylinder of wind with the 
axis of the cylinder coincident with the axis of the magnet. In 
this case the total force is 

r T 

p' = ^ u e V j \ ^ dr cos 6dB = ^nevr 

o o 

But « = 2 X 10' per cubic centimeter, 
e = 10-* 

V = 3 X 10' centimeters per second, 
r = 4 X lo* centimeters, say. 
Therefore -F = 24 X lo"* , approximately the one fortieth 
of a y . 

Hence unless the numerical excess of one class of ions is many 
times greater than the observations have shown it to be, magnetic 
effects due to wind storms, while undoubtedly existing, are too 
minute certainly to be detected among the much greater and irreg- 
ular disturbances due to other causes ; and therefore we can 
assume, at least provisionally, that no observed magnetic disturb- 
ance is directly due to wind storms, however violent. 
Mount Weather Observatory^ Va.^ 
Nov, 16, 1008, 
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SOLAR MAGNETIC FIELDS AND THE CAUSE OF 
TERRESTRIAL MAGNETISM. 

By William Sutherland. 

In this Journal for June, 1900 (vol. V, p. 73), June, 1903 (vol. 
VIII, p. 49) and December, 1904 (vol. IX, p. 167), the Earth's 
magnetism was traced to rotation round the axis, different hypo- 
theses for a differential effect resulting from the two kinds of elec- 
tricity being discussed in each of the three papers. As the formu- 
lae of these papers should apply to all heavenly bodies, the best 
way of testing them would be to compare their results with the 
facts of observation in other planets or in stars. Hitherto these 
facts have been almost wanting except for the inference of Bigelow 
that the Sun has a magnetic field related to its axis of rotation but 
somewhat asymmetrically, just as in the case of the Earth. 

But a new era in astronomical magnetism is opened by the dis- 
covery of Hale that the solar vortices associated with Sun-spots 
produce just such a separation of a spectral line into two as is 
known in the laboratory as the "Zeeman effect" when produced 
by a magnetic field. The only account yet available to me of this 
discovery is that given in ''Nature'^ August 20, 1908, p. 368, fol- 
lowed by a comment from Zeeman, p. 369, but I hasten to show its 
bearing on the theory of stellar magnetism.* 

The broad facts are these. In a solar whirl whose radius seems 
to be 140,000 kilometers and whose maximum velocity seems to be 
106 kilometers per second the iron line X 6302.71 shows a separa- 
tion of two components amounting to a change of the wave-length 
ranging from 0.018 to 0.216. Zeeman states that the change 0.216 
in the laboratory would require a magnetic field of strength 10,000 
C. G. S. units or of that order of magnitude. Thus we have the 
following most interesting comparison: — a vortex in the Sun of 
radius 140,000 kilometers and velocity 106 kilometers per second 
has a magnetic field of strength about 10,000 along the axis of 
rotation in the vortex, while the Earth of radius 6,370 kilometers 
rotating once in a day has a magnetic field whose strength indi- 
cated by the vertical force at the poles averages 0.66. 

To enable this comparison to yield a first simple quantitative 
test of the formulae in my papers cited above, we must imagine the 

* There have since appeared: "Solar Vortices," by George E. Hale, Astro- 
physical Journal^ September, 1908, and "On the Probable Existence of a* Magnetic 
Field in Sun-spots," by George E. Hale, Asirophysical Journal, November, 1908 ; 
also Abstract, current volume of Journal, p. 159.— Ed. 
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actual vortex of unknown depth to be replaced by a sphere of ra- 
dius 140,000 kilometers rotating as a solid body with angular ve- 
locity 106 /i4o,ooo radians per second, the Earth's angular velocity 
in radians per second being 2^-/24X60X60. As the most con- 
venient equation for the present purpose I shall select that from 
the latest of the papers mentioned in which a possible connection 
between magnetism and gravitation is discussed, namely that for ♦ 
the magnetic potential of a sphere of radius R, density D and 
angular velocity O, at a place of co-latitude B on its surface and at 
a distance r from center : 

* = -?-^,0/p^5oo4cos^ ; (i) 

15 r" A 

in which )3, e and h are constants (see also PhiL Mag. [6] VIII, 
1904, p. 685). As the vertical force at the pole is d^ /dr with ^=0 
and r^=R, we have the general result that the force at the pole 
varies as QDR!^, Denoting that a magnitade belongs to our imagi- 
nary spherical vortex in the Sun by a subscript 2, and to the Earth 
by subscript /, with F for the magnetic force at the pole, we have : 

F, Q,D,k\ ^ ^ 

Dy the mean density of the Earth is 5.7 and /?, that of the Sun 
is 0.25, hence with these and other data we have 

F. 106 24X60X60 0.25 140000' , . 

77 = - — . — . — - . "T r- = 220 . (3) 

r, 140000 27r 5.7 6370" 

This result makes the magnetic force near a solar vortex 220 
times that in the Earth's field, whereas the separation of the spec- 
tral line makes the former magnetic force 10,000/0.66 or 15,000 
times the latter. It appears then that the rotation of the matter of 
the vortex causes only the 220/15,000 or the 1/68 part of the ob- 
served maximum magnetic field in a Sun-spot regarded as near the 
axis of rotation of such a vortex. 

Even if we take only the smallest magnetic separation of the 
spectral line recorded by Hale, which is about i/ioth of the largest 
just discussed, the rotation of the vortex would account for only 
about one seventh of the corresponding magnetic field in the Sun- 
spot at the center of the vortex. The most uncertain datum is that 
of the linear velocity of io6 kilometers per second. This is the 
observed velocity with which a flocculus ran into the spot at the 
center of the vortex. No other motion made itself obvious. It is 
possible then that the average velocity in the vortex was con- 
siderably greater than that of the visible motion of the flocculus. 
If the velocity in the vortex were seven times that observed in the 
flocculus, the rotation of the vortex could account for the minimum 
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eflfect recorded by Hale without the necessity of introducing any 
other electrical effects than those which produce the Earth's mag- 
netism. 

But we should need good observational evidence for the ex- 
istence of velocities 7 times or 68 times as great as that of the ob- 
served speed of the flocculus before we could consider Hale's obser- 
vation traced to the same origin as the Earth's magnetism. It may 
be said then that to trace the Hale effect to the same cause as the 
Earth's magnetism a velocity of the order 10 or 100 times as great 
as that observed in the flocculus will be required. For a velocity 
of the order lo times at the surface of the Sun we have the obser- 
vations of F6nyi (Astrophysical JourncU III p. 192) on two remark- 
able solar prominences, one of which showed a velocity of 858 kil- 
ometers per second in the line of sight where a group of Sun-spots 
was passing out of view, while the other had a velocity of 746 kil- 
ometers per second in the line of sight and developed an altitude of 
11' 28" at a mean speed of 448 kilometers per second. 

If such velocities as those just mentioned prevailed round the 
spot observed by Hale at a distance of 140,000 kilometers from the 
center of rotation, his discovery could be explained at its minimum 
by the same cause as accounts for the Earth's magnetism. As to 
its being explained at its maximum in the same way there are diffi- 
culties. It is true that if a prominence moves with an average 
linear velocity of 1,000 kilometers per second, the same velocity 
on the outer regions of a vortex might be represented by a much 
greater one near the axis, but while Or is increased near the center, 
Or* according to dynamical theory, is not increased unless external 
forces are operating suitably. Thus by considering a smaller region 
of swifter velocity near the center of the Sun-spot and free from a 
special play of external force we do not obtain a stronger magnetic 
field. If within the large whirl which has been replaced by the 
sphere of radius R^ and angular velocity O, there is a smaller whirl 
specified by a sphere with R^ and O, such that 0,/?|=ioO,^, the 
range of separation observed by Hale would be accounted for. 
This is an artificial supposition and is mentioned only to illustrate 
the sort of mechanical conditions required to account for the max- 
imum separation observed, if it is caused by the same conditions as 
produce the Earth's magnetism. Further observations at to O, R 
and the separation of spectral components ought to enable us to 
decide whether the magnetism of a Sun-spot is associated with 
special electrical causes or with those which I have shown to be 
possible causes of the Earth's magnetic field. 

But there is another alternative which ought to be discussed in 
the light of the facts just now before us. Several distinct experi- 
ments show that possibly the ether at the surface of the Earth 
moves with the Earth. This can be reconciled with other known 
facts only on the supposition that it takes a body of a certain size 
and density to cause the ether in it to move with it. If the Earth 
and a solar vortex have size and density both sufficient to force the 



Digitized by 



Google 



158 /K SUTHERLAND [Vol. xili. No. 4] 

ether to move with them, we had better consider whether this 
motion of the ether may be the cause of their magnetism. If it is 
so, then in our formulae D^ and D^, ought to be replaced by the 
same symbol, say p, standing for an electric density to which 
motion of the ether is in some way equivalent. Then (2) becomes 
F, /Fi=:0,/?|/Oji^J and (3) with omission of the factor 0.25/5.7 
becomes F^F^^=^ooo, which is close to the order of magnitude 
15,000 yielded by the spectral observations. If from the observa- 
tions of Fdnyi we assume the possibility of linear velocity 10 times 
as great as that used in (3), and introduce it into (3) while omit- 
ting 0.25/5.7, we get /%//^i=5o,ooo. It happens then that this 
alternative hypothesis gives results in very good general agreement 
with the actual. It remains for further observations to decide 
amongst the possibilities in view. 
Melbourne, September 28, igo8. 



NOTE ON SUTHERLAND'S ARTICLE. 

I have read Mr. Sutherland's paper with interest, and am glad to see 
the subject of a magnetic tield in Sun-spots discussed from the stand- 
point of his theory of terrestrial magnetism. The magnetic field in- 
tensity in spots is about 3,000 C. G. S. units, not 10,000, a provisional 
estimate made by Professor Zeenian before laboratory data were avail- 
able for comparison with the solar observations. Moreover, the separa- 
tions of the components of spot doublets range' from 0.018 to 0.216 
Angstroms y^r differeyit lines; for a given doublet, the maximum sepa- 
ration does not vary greatly in different spots. The distance between 
the components is greatest in the umbra, and decreases outward to the 
point where the spot line is no wider than the corresponding solar line, 
usually near the outer edge of the penumbra. 

Mr. Sutherland's results indicate, in my opinion, that the separation 
of the positive and negative ions in the solar vortices is much more 
complete than he considers to be the ca.se in his theory of the Earth's 
magnetism. I do not think it permissible to assume velocities of the 
order of 800 kilometers per vSecond in the vortices. In fact, a velocity 
of 100 kilometers per second may be quite exceptional, as the //a line 
does not ordinarily show distortions indicating velocities of this order 
when photographed in the neighborhood of a spot near the Sun's limb. 
On the other hand, we have J. J. Thomson's testimony that in the case 
of an incandescent carbon filament the rate of emission may amount 
"to a current equal to several amperes per square centimeter of sur- 
face." ^ Frcm this point of view there would seem to be little difficulty 
in accounting for the observed strength of field in solar vortices, even 
with low velocities, though its constancy in different spots, and rapid 
change of strength with level, are phenomena which I can not explain. 

George E. Hale. 

Mount Wilson Solar Observatory, November 24, 1^08, 
I Conduction of Electricity through Gases, p. 164. 
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ON THE PROBABLE EXISTENCE OF A MAGNETIC 
FIELD IN SUN-SPOTS. 

By George E. Hale. 
[Author's Abstract.*] 

The lines in the spectra of Sun-spots differ from those of the 
ordinary solar spectrum mainly through changes of intensity and 
width. Most of the spot lines are more or less widened, some of 
them are double, and a few are triple. These characteristics of the 
lines, and the fact that the revolution of electrically charged particles 
in a solar vortex might be expected to produce a magnetic field, 
led to a search for evidences of the Zeeman effect in Sun-spot 
spectra. 

Light from a spot was passed through a Fresnel rhomb and Nicol 
prism, mounted before the slit of a spectrograph of 30 feet focal 
length, used in conjunction with the tower telescope of the Mount 
Wilson Solar Observatory. Photographs of the spectra were made 
in the third order of a Rowland grating, having 14438 lines to the 
inch. It was found that the relative intensities of the components 
of the double lines in the spot are reversed by rotating the Nicol 
through an angle of 90° The widened lines are also shitted when 
the Nicol is rotated. Just such changes are observed if the same 
doublets are examined under the same conditions along the lines of 
force of a powerful magnetic field. 

When the Nicol is set at such an angle as to transmit the violet 
component and cut off the red component of a doublet in the spec- 
trum of a spot .surrounded by a right-handed vortex,' it will transmit 
the red component and cut off the violet component in the spectrum 
of a spot surrounded by a left-handed vortex. In the laboratory the 
same effect is produced by reversing the current in the magnet 
when observing the doublets along the lines of force. Hence the 
direction of revolution of the electrified particles in the vortex 
appears to determine the polarity of the resulting magnetic field, as 
theory requires. The observed polarity indicates that the Sun-spot 
field is produced by the motion of negative corpuscles. 

iThe article has since appeared in full in the November, 1908, issue of 
Asirophysical Journal. — Ed. 

*The character of these vortices is shown on monochromatic images of the Sun 
made with the spectroheliograph, using the Ha. line of hydrogen. 
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The above results are obtained when the spots are near the 
center of the Sun. As they advance toward the limb, it might be 
expected that the doublets would change to triplets as is usually 
the case with doublets observed in the magnetic field. As this does 
not occur, it is of interest to note that all of the spot doublets 
hitherto observed in the laboratory (with one exception) have been 
found by Dr. King to appear as doublets not only when observed 
parallel to the lines of force, but also at right angles to the lines of 
force. As a matter of fact, a polariscopic study of these lines, made 
by Dr. King, shows that they are in reality quadruplets, though 
the components of each of the apparent doublets are so close to- 
gether that they can not be separated in the Sun-spot spectrum. 
The line A. 6302.71, when observed at right angles to the lines of 
force in the laboratory, is an asymmetrical triplet, with the middle 
component displaced toward the red. In the spot spectrum it also 
appears as an asymmetrical triplet, with the middle component dis- 
placed toward the red. As some other lines also appear as triplets 
in the spot spectrum, it is evident that the light of the spot is 
partly longitudinal and partly transverse. A comparison of the 
separations of spot doublets with those of the same doublets ob- 
served in the laboratory gives, in the case of iron, a remarkably 
close agreement for the relative separations. In the case of titan- 
ium, and other elements extending through a considerable range 
of level in the Sun, there are greater divergences, probably due to 
the rapid change in the strength of the field in passing upward 
through the spot. The D and b lines in the spot spectrum, which 
represent comparatively high levels, show but little evidence of the 
magnetic field. Hence at the distance of the Earth the spot field 
would be quite inappreciable, even with very delicate instruments. 
The strength of the field in spots, at the level represented by the 
iron doublets, is about 2900 C. G. S. units. 

The investigation is being continued, both on the solar and 
laboratory sides, and it is hoped that further results will soon be 
available. 

Mount Wilson Solar Observatory. 
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ON THE DISTRIBUTION OF MAGNETISM OVER THE 
EARTH^S SURFACE. — II 

By Paul T. Passalskij. 

Translated by 
Paul Wernickb. 

Chapter III.' [Pp. 63-132.] 

REDUCTION OF MAGNETIC OBSERVATIONS TO AN EPOCH. 

Each magnetic element, as well-known, is undergoing con- 
tinually changes, some periodic, others aperiodic. Some changes, 
like the secular variation, considerably affect with lapse of time the 
value of an element. During the period necessary for conducting 
a magnetic survey of a district, the observed elements at any point 
may change, hence, appreciably. It is therefore important to define 
what values are to be considered as those of the magnetic co- 
ordinates of a given point. The value of some element E sX ql 
given moment may be expressed in the form of a sum of several 
terms. Let E^ be that part of the element suffering no change ; 
/■j(/), the secular change for the year // /,(^), the diurnal variation 
for the hour h; /s(8), the annual change for the date 8/ and, 
finally, 5 the disturbance due to a magnetic storm, then : 

E=E. +/, W + /,W +/,(«) +2/ + 5, ( I ) 

where S/^is the sum of small periodic changes, some known, some 
unknown to us. Each of the above functions may further depend 
on latitude, longitude, altitude above sea-level, and local anomalies. 
Let us remark here that the annual variation of the magnetic 
elements, as has been shown by Kreil, Sabine, Lamont, Eggers, 
Brown, Schott, Liznar, Miiller, Rykatscheff, Schwalbe, and others 
is very small, and does not exceed the limit of error of field 
measurements. Thus the algebraic correction [regarding east 
declination as positive] due to the annual variation of the magnetic 

J For first installment of this translation and editorial explanatory note, cf. 
previous issue of this Journal. For the purpose of condensation it will be neces- 
sary to omit, in general, the author's numerous bibliographical references. The 
reader who requires them will readily find them as footnotes, in Latin type usually, 
in the original publication. — Ed. 
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declination is from observations at 17 stations of the northern, and 
from 4 of the southern hemisphere as follows : 



Correction due to annual variation 


of the magnetic declination. 




Jan. 


Feb. 


Mar. 


Apr. 


May 


June 


July 


Aug. 


Scpt.| Oct. 


Nov. Dec. 


Northern Hemi- 
sphere, .... 

Southern Hemi- 
sphere 


/ 
-0.25 

+0.2S 


-0-54 

+0.31 


—0.27 —0.03 +0.19 -t-0.46 

+0.27 -l-o.io— 0.10,— 0.42 

1 1 


t 
+0.48 

—0.31 


/ 
+0.47 
-0.41 


/ 
+0.31 
-0.25 


—0.07^—0.30 —0.36 
-0.06^+0.30 -I-0J6 



Of the terms denoted by 2/ we must consider as the largest the 
one depending on the position of the Moon. Already Heller in 
Fulda at the end of the i8th century, and Kupfer at Petersburg in 
183 1, turned their attention to the Moon's influence, but to Kreil 
is due the chief credit in its determination. From observations at 
Milan and Prague he found that the elements depend on the Moon's 
position with reference to the meridian, and also on its position in 
the orbit. 

[The author then proceeds (on pp. 65 and 66) to give in some detail 
the results of the investigations on this subject by Brown, Air>% Lament, 
Sabine, Bache, Buys-Ballot, Neumayer, Chambers, and others, and con- 
cludes that while " the Moon's action on terrestrial magnetism has been 
established beyopd a doubt, the effect is so small as to warrant its being 
disregarded in the reduction of field magnetic observations. The same 
applies to the planetary effect, as has been shown by Chambers and 
Ley St, as also of that due to the elemental waves of terrestrial magnet- 
ism disclosed by Kohlrausch and Eschenhagen."] 

For magnetic surveys it is accordingly found that the above 
equation reduces to : 

^=^o+/iW+/,W+^. (2) 

only the effects from the secular variation, the diurnal variation, 
and from magnetic storms requiring consideration. 

Secular variation. — [P. 67]. Hansteen while drawing magnetic 
isolines, had already noticed that they not only shift their positions, 
but also change in forms. How much these isolines may vary on 
account of secular variation, can be gathered from the fact, that the 
known anomaly declination in the East of China and Japan is not 
a constant characteristic feature of that district. The oval within 
which the declination is at present west, was formed first in the 
present century, and continues to broaden. In the sixteenth cen- 



Digitized by 



Google 



THE EARTH'S MAGNETISM 163 

tury there was a similiar oval in the Atlantic Ocean, enclosing this 
time, however, a region of east declination. This displacement 
and change of forms of the isolines is produced by a difference in 
the secular variation for different localities. 

In its general features the secular variation proceeds as though 
the magnetic pole rotated about the geographical pole. For the 
period of rotation various investigators give extremely discordant 
figures. Thus, according to Parker the period is 640 years; ac- 
cording to Leeland, 458; according to Wilde, 960; according to 
Bauer, even 2000 years or more.* 

[The author continuing exhibits on pp. 68 and 69 the conflicting re- 
sults, as to a period and to the motion and position of the magnetic 
poles, obtained by investierators working with the limited available data. 
He then passes on to a review of observed secular changes, especially in 
Europe, (cf pp. 69-91) and as the results are given chiefly in the form of 
tabular statements, the interested reader can readily follow them in 
the original.] 

Determination of the secular variation for the purposes of a sur- 
vey. — [Pp. 91-92]. As the secular correction for equal intervals of 
time changes from year to year, it is important in the discussion of 
the results from a survey to know the precise amount of the secular 
variation during the period embraced. If there are in the region a 
sufficient number of observatories, they will furnish the best ma- 
terial for the determination of the secular changes. Thus Carlheim 
Gyllenskold, profiting by the observations from six Swedish observ- 
atories, found equations that give the secular variation of the ele- 
ments for any latitude and longitude. Here is, e. g.y the formula 
for horizontal intensity, expressed in units of the fifth decimal 
C. G. S.: 

/ff-f 

-^= 13.44 — 0.647 (* — 59-°i3) + 1-32 (Acos<^— i.°48)- 

But if there are not sufficient observatories furnishing the re- 
quired series of observations, the secular correction may be readily 
obtained from the survey itself. For this purpose a series of sta- 
tions must be selected, distributed in groups over the entire region, 

* There is nothing definitely known with regard to a possible period of the secu- 
lar variation owing to the fact that the available data do not cover a sufficient inter- 
val of time. If there is a period common to the entire Earth, then all results to date 
would point to the existence of numerous sub-cycles of various amplitudes and 
durations.— Ed. 
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and observations taken at these twice, at the beginning and at the 
end of the survey.* Considering the mean variation of each group 
to be the variation for the mean, central point of that group, we 
obtain the necessary data for the secular variation corrections over 
the entire region, and can draw up charts or tables, from which the 
annual change for each point of the survey may be derived by in- 
terpolation. 

If two surveys have been taken, considerable time intervening 
as was the case in Great Britian, and if one is to be reduced to the 
epoch of the other, we proceed as follows : The region is divided 
into districts, within which stations are taken in such a manner 
that their mean co-ordinates in both surveys are the same, or nearly 
so, for each district. We call "central point** the point whose 
position corresponds to that of the mean co-ordinates. The differ- 
ences of the average elements for the central stations of a district 
gives the secular correction of this station for the interval of time 
considered. 

Diurnal Variation — [Pp. 92-97] . In the course of 24 hours the 
magnetic elements are subject to a very regular oscillation. Thus, 
in Europe the declination increases [if it be East] till 8 a. m., there- 
upon diminishes rapidly and reaches its least value about i or 2 
p. m. Then it increases again, rapidly at first, then more slowly. 
[The contrary is true for west declination.] In the course of the 
night, the declination keeps close to its mean value for the day. 
Besides, these chief maxima and minima there are secondary ones. 
The oscillation proceeds according to local time. 

In summer the amplitude of the diurnal variation increases for 
all elements and in winter it diminishes. The amplitudes of the 
variation in declination and in horizontal intensity also increase 
with approach to the magnetic poles; along parallels they are 
about the same. 

In the southern hemisphere the correction for the declination is 
the reverse of that in the northern one. 

[Pp. 93-97, give tables, due to Neumayer, Schering, and others, exhib- 
iting the principal features of the diurnal variation for various regions 
and places.] 

* If the survey covers a period of five years or more, as must necessarily be the 
case when a large area is involved, it is not possible to assume that the mean annual 
change derived from observations of repeat stations at the beginning and at the end 
of a survey will apply for the observations throughout the interval. Such assump- 
tions in the United States, for example, and doubtless also in other regions, would 
lead to appreciable errors even for an interval of 10 years or less. — ^Ed. 
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It appears that the amplitudes of the diurnal variation of the 
magnetic elements change from year to year. A study of the vari- 
ation of amplitude shows that it has a very clearly pronounced 
period of 1 1 years, coincident with the Sun-spot period, and another 
of 26 days, depending on the period of the Sun*s rotation about its 
axis. We can only mention these periods without entering upon 
their discussion, as the first plays no part in the reduction of the 
elements to an epoch on account of its length, nor is the second, on 
account of the small amplitude of the change, of importance. 

Magnetic storms, — [Pp. 97-105]. In the reduction of observa- 
tions it is usually assumed [if the area be not too large] that in 
the whole extent of the district under observation the magnetic 
disturbances are the same in amount, and that their phases occur at 
the same absolute moment of lime. The second supposition 
amounts to this, that storms have no diurnal variation. There- 
fore we must investigate whether the storms occur in the same way 
at any two points more or less distant from one another, and 
whether they do not show a diurnal variation. 

Comparison oj storms, — Humboldt, as early as 1829, found from 
observations by Arago in Paris, Reich in Freiberg, and Kupfer in 
Kazan, that storms (most pronouncedly those of declination) 
spread over a large portion of the Earth's surface. The observa- 
tions of the " Magnetic Association " showed that disturbances be- 
gan simultaneously everywhere between Milan and Upsala, and 
that the curves were nearly parallel. But this parallelism ceases in 
higher latitudes (as at Alten in Finnemerk) and the intensity of the 
disturbance increases. Neither do the curves at Toronto and St. 
Helena resemble one another, or the European curves. 

But Solander, by a comparison of the curves at Upsala, Paw- 
lowsk, and Wilhelmshavsen, found in the curves of the first two 
stations, notwithstanding a general similarity, many unexplained 
differences, while the curves of the first and third stations show no 
similarity at all. These researches do not confirm the Gauss and 
Weber results. 

Sabine found that the disturbing force spreads instantaneously 
over the whole globe, but is modified by local influences. In the 
southern hemispheie (Hobarton) at the time of a storm, a westerly 
disturbance corresponds to an easterly one in the northern hemi- 
sphere (Toronto). The comparison of disturbances, at Port Ken- 
nedy and Point Barrow, are interesting. The disturbing force at 
the first is greater than at the second, although the latter is closer 
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to the magnetic pole. Furthermore, the maximum of easterly de- 
flection occurs at the same absolute time at both stations, whereas 
the principal maximum of westerly disturbance at the same local 
time. 

Regarding stations very close to one another, Sidgreaves and 
Stewart found that the form of the curves for Kew and Stonyhurst 
is very similar in all details, but, comparing the curves of Lisbon 
and London, Stewart arrives at the conclusion, that although the 
storms begin simultaneously, a complete similarity can be observed 
only in the curves of horizontal intensity. The curves of declina- 
tion bear much less resemblance, and the change of vertical inten- 
sity shows no resemblance at all. 

Later, Perry and Stewart compared in detail the intensity (am- 
plitude) of storms of declination for Kew and Stonyhurst. They 
arrived at the following results: i. In the majority of cases, the 
storm-amplitudes are greater for Stonyhurst {s) than for Kew {k). 
2. The ratio s/k is greater for short storms than for such of long 
duration. 3. The value of s/k evidently does not depend on 
either ^ or ^ separately. 

Wilde compared the elements during the storm from January 
30th to February ist, 1881, at the stations Pawlowsk (i), Tiflis (2), 
Toronto (3), Stonyhurst (4), Kew (5), Brussels (5), Utrecht (7), 
Vienna (8), Coimbra (9), Lisbon (10), Zi-ka-wei (11), Bombay (12), 
and Melbourne (13), and found the declination curves for Nos. 4, 
5» 6, 7, 8, 9, 10 very similar, but at Pawlowsk there appear consid- 
erable departures. The curves of Bombay and Zi-ka-wei have no 
resemblance. In Melbourne and Toronto the motion is frequently 
opposite. After discussing another storm August 11 to 14, 1880, 
Wilde arrives at the concluson that at various stations various ele- 
ments were disturbed more than the others. Thus in Kew, the 
perturbation of declination was strong, that of total intensity weak, 
and of inclination null. At Pawlowsk the storm was moderate as 
to declination, almost null in inclination, and very strong in hori- 
zontal intensity. At Zi-ka-wei it was very slight as to declination, 
stronger in inclination, and almost null in intensity. 

Ellis found by comparison of 17 storms (1882 to '89) at 9 ob- 
servatories (Toronto, Greenwich, Pola, Pawlowsk, Mauritius, Bom- 
bay, Batavia, Zi-ka-wei, and Melbourne), that for some storms a 
similarity in general features can be found, for others it is impossi- 
ble to verify corresponding motions of the magnets. 

Adams' comparison of the curves from 17 observatories during 
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the storm of June 24-25, 1885, finds some regularity in the disturb- 
ance of horizontal intensity. Thus at 10^ 30" p. m. (Gr. time), the 
horizontal intensity at San Fernando, Colaba (near Bombay), Batavia, 
Mauritius, Melbourne, was diminished by nearly the same amount 
(least at Mauritius, 0.00026 C. G. S., most at Melbourne, 0.000375). 
There was a greater, but almost indentical, deviation at Petersburg, 
Wilhelmshaven, Kew, Paris, Vienna, Lisbon (least at Lisbon, 
0.000523, most at Kew, 0.000675). At Stonyhurst the deviation was 
0.00084, and the greatest one was observed at Toronto, this station 
being the nearest to the magnetic pole. 

It was mentioned above, that storms begin simultaneously at 
observatories close to one another. For distant points the investi- 
gations give contradictory results concerning the time of beginning 
of disturbances. Thus Stewart and Dogson, by comparison of the 
storms from 1856 to '79 at Toronto and Kew, found that the finer 
phases at the first station begin almost two days earlier than at the 
second, and at the latter a day earlier than at Prague ; whence it 
follows that storms spread from W. to E. The observations at 
Morisabo-Hiraska (N. W. India) published by Stewart, agree with 
this statement. Here storms begin 9.7 days later than at Kew. 

But other investigators (Wild, Adams, Ellis) arrive at the con- 
clusion that on the whole globe the storms begin almost at the 
same instant, the deviations being so slight that they may be fully 
explained by the inaccuracy of the time sealings. 

Schmidt, who computed the vectors of the disturbing forces for 
many points of the globe, and plotted them on a chart in the form 
of arrows, arrives at the conclusion that for certain times the vec- 
tors are directed towards known centers, or away from them. In 
general, the velocity of the centers is about i km per sec, al- 
though sometimes they remain stationary for a time. Starting 
from the point of view that the diurnal variation is due to electric 
currents in the upper strata of the atmosphere, Schmidt supposes 
that the immediate causes of the magnetic storms are electric 
storms (whirls) arising in the general electric field in the atmos- 
phere, in the form of atmospheric cyclones and anti-cyclones. If 
this point of view is correct, then, after all, a completely simul- 
taneous beginning of magnetic storms can not be expected, although 
at neighboring stations the difference in the moments of beginning 
may be slight on account of the great rapidity of the motion of 
electric storms. 

Our brief review of the discussions of magnetic storms leads to 
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the conclusion that the first supposition, of simultaneous occurrence 
of a storm's phases and of a uniform change in the disturbing force 
at all points, is true in part only for a limited area (for instance, for 
the extent of a West-European state of average size). The area is 
the smaller as it lies nearer to the magnetic pole. Many more dis- 
cussions of magnetograph curves must be made before we shall be 
able to judge how far from one another observatories should be, in 
order that it may be possible to determine the disturbing force dur- 
ing a storm, at any time point between them * 

Diurnal correction of the magnetic elements during a storm, — [Pp. 
102-105]. Notwithstanding the visible irregularity of magnetic 
curves during storms, it appears that the variation of the elements 
on such days is subject to certain laws, and that, as the values of 
the elements themselves, so also the difference between their varia- 
tions on stormy and quiet days has its diurnal period. Thus far 
Bossekop Bravais found that the declination on quiet days is ex- 
pressed by the formula 

Z? — 4° 28'.48 -|- 3'.3 cos a + 3'-2 sin a + o'.2 cos 2^ + o'.2 sin 2a, 

and on stormy ones by 

iP = 4° 27'.24 -j- q'.o cos a + y'.Q sin a — 3'.o cos 2a — I'.i sin 2a, 

Sabine not only finds a diurnal, but also an annual and a lo-year 
period of the amplitudes, frequency, and intensity of storms. The 
easterly deflections of declination have a maximum at 9^ a. m., the 
westerly ones at 8^ a. m., the former being greater than the latter. 
Airy also, after discussing many storms at Greenwich, arrives at 
the conclusion that they have a diurnal period. Wild and others 
later confirmed this fact. 

Subtracting the variations of the elements on stormy days from 
those on quiet days we obtain differences that may be called the 
'* perturbation variation." In this sense, the storms again show a 
diurnal period, and the curves representing it are about the same 
in summer and winter. [Table, p. 103, showing results from the 
Odessa observations of 1897.] The variation curves of storms dur- 
ing the afternoon hours are more serrated than in the forenoon. 

♦ It is quite possible that the conflicting and more or less indefinite results de- 
rived from most of the past investigations of magnetic storm effects may be ascribed, 
at least in part, to a lack of differentiation in the kind of magnetic storm dealt with 
— whether, e. ^., it arose primarily from a disturbance within the Earth's magnetic 
system itself or was chiefly cosmic in its origin or even of combined origin. There 
is opportunity here for a modern, up-to-date mathematical analysis of magnetic 
storms which is bound to lead to some definite results. — Ed. 
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Chree showed that the action of a storm is still perceptible dur- 
ing the following quiet days, being reflected in the diurnal variation 
of the elements. Van Bemmelen finds that before the beginning 
of a storm, and after its close, there are added to the force of terres- 
trial magnetism certain vectors, called by him "Vorstorung" and 
" Nachstorung," which have a diurnal period. The horizontal com- 
ponent of this vector has a constant direction at each point, the 
vertical component, a variable one. 

As to the frequency of disturbances, their diurnal variation was 
discussed by Liideling for Potsdam, by Moureaux for Pare St. Maur. 

Besides the more or less pronounced waves noticeable in mag- 
netograph curves, one frequently sees fine serrations, as though 
due to a trembling of the elements. Bemmelen calls them " spasms " 
or "pulsations.*' They also show a diurnal periodicity, the max- 
imum at Batavia coming at 3** p. m., the minimum at i^ a. m. 

Thus, the second supposition that storms are not subject to a 
diurnal variation is not verified, as it appears established that 
the storms have a diurnal period, following local time. Investiga- 
tion should make it an object to separate, in the disturbance vector, 
the periodic from the aperiodic part, and to find the laws of geo- 
graphical distribution for both. Considering that the diurnal vari- 
ation during a storm is known only from mean values, and that its 
amplitude may be diflFerent for each storm, infer that the reduction 
corrections for stormy days, especially for stations far to the east or 
west of observatories, is a doubtful matter. It is, therefore, better 
to avoid reducing a survey to a year during which the disturbances 
are particularly strong and frequently repeated, i. e., to a year of 
maximum Sun-spot frequency.* 

Influence of aUitvde on the variations of the magnetic elements, — 
[Pp. 105-107]. The question arises whether at an elevation the va- 
riations of the Earth's magnetism will not be other than at the foot 
of a mountain. Unfortunately investigations in this respect are 
very few. Broun endeavored to determine the influence of height 
on the diurnal variation of the magnetic declination. His instru- 
ments were set up on Mt. Cheviot, and the observations were con- 
ducted simultaneously with observations at Makerstoun, 1,600 feet 

♦In view of the sparse distribution of magnetic observatories, the most practical 
procedure, at present, in the conducting of land magnetic surveys, which almost in- 
variably disclose irregularities in magnetic distribution far greater than the reduc- 
tion errors here discussed, appears to be, for the observer to desist observing on 
days of evident disturbance or to exclude observations unwittingly made during such 
a period. — Ed. 
5 
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below. The needle at the higher station reached its extreme 
westerly position sooner, and the amplitudes were less than below. 
In 1850 Broun again took simultaneous declination observations at 
a higher point (2,440 feet) of the same mountain. They showed 
that the amplitudes, this time, were equal, but the moments of 
turning, as before, occured earlier above than below. 

As to the horizontal intensity, C. Chambers set up an unifilar 
variometer at a height of 38 feet, and a bifilar one at 6 feet, and 
from their simultaneous observations, found that the departure of 
the intensity from its diurnal mean proved 1/5 less in the first in- 
strument than in the second. Chambers did not consider this dif- 
ference explicable by instrumental errors. 

In 1856 there were conducted observations with accurate in- 
struments in the observatory, Augustia Malley, at a height of 6,200 
feet above sea-level, and at Trevandrum at a height of 200 feet, the 
distance of the stations being 24 miles. For the change of horizon- 
tal intensity, //, between o^ 30™ and 2^ 30™ the following values 
were obtained: 

In the plain, — 0.0009760 H; 

On the mountain, — 0.0009724 H; 

so that the difference between the two stations hardly amounts to 
1/270 of the observed variation. For the time-interval from 
1 1^ 30™ a. m. to 3^ 30™ p. m. the changes were : 

In the plain, — 0.0016556 H; 

On the mountain, — 0.00 165 10 H; 

i. e, the difference is hardly i /360 of the whole variation. 

In 1874 Broun again took parallel observations on Mt. Cheviot 
and at Makerstoun (difference 2,440 feet). The difference in varia- 
tion of horizontal intensity proved equal to 1/20 of the whole diur- 
nal variation, but he does not feel assured that this difference is not 
attributable to experimental errors. J. Liznar placed an unifilar 
in the Adelsberg shaft of a silv^er mine, another instrument was 
placed above in the cellar of the directorate. Simultaneous obser- 
vations were continued during one day only (March 12, 1884). On 
account of the short time of the observations no result regarding 
difterence of variation of declination could be given. 

F. Maurer compared declination observations on Santis and 
Ziirich, the difference in height being 2,000 meters. Hourly read- 
ings were made from Sept. 2 to Oct. 13, and from Nov. i, 1884, to 
Jan. 8, 1885, and showed no perceptible differences either in ampli- 
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tude or moments of turning. The variation proved entirely identi- 
cal at both stations.* 

Thus, there is as yet no reason to suppose that on mountains 
(at least at heights not over 2,000 meters) the diurnal variation is 
very different from that observed at the foot of the mountain. 
Concerning secular variation and magnetic disturbances on moun- 
tains we know nothing as yet. For the solution of these questions 
it would be extremely important to conduct observations for the 
space of several years in small transportable observatories. These 
may be transferred, during a survey, to the points where they are 
most necessary, and the rest of the time may be used for re- 
searches in variation along the course of large rivers, on the sum- 
mits of mountains and, especially, in anomalous regions, where, as 
we see at once, the variation may differ considerably from the nor- 
mal one for a given latitude and longitude. 

Variation in anomalous regions. — [Pp. 107-128]. In places where 
the magnetic elements depart more or less considerably from some 
normal distribution, i. e, in anomalous regions, peculiarities may be 
expected in the time variations. Already Lamont, on occasion of 
the discovery of the Bohemian anomaly by Kreil, expressed the idea 
that such modifications, e. g, of daily variation, were possible, and 
that variation observations in such places might furnish a means to 
decide whether the diurnal variation of the elements is the result of 
a variation in the total magnetism of the Earth, or if the constant 
magnetic force and the variation are due to different causes. Phil- 
lips remarks concerning the sinuosities of the isogonics in Eng- 
land, that where there is an irregularity in the distribution of declina- 
tion, there must also be an irregularity in its diurnal variation. 
Gratzl, discussing his observations at the polar station, Jan May en, 
expressed the opinion that in anomalous regions the variation, too, 
might be local in type. 

N. D. Pilchikoffspeaksof the possibility of existence of anomalous 
iso- variation lines of secular variation. A. A. Tillo in the session 
of the Imperial Russian Geographic Society on Oct. 19, 1890, ex- 
pressed the thought that the distribution of secular variation in 
anomalous regions may throw a light on the essence of the mag- 
netic phenomena of the globe. 

•In this Journal, Vol. XI, pp. 181-183, Dr. Adolf Schmidt makes a preliminary 
report on some further observations on this subject, the difference in altitude be- 
tween surface station and subterranean one being 813 meters and the horizontal dis- 
tance being 250 meters. Practically no difference is to be noticed in the recorded 
variations at the two stations.— Ed. 
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E. E. Leyst and myself, in writing on the installation of the 
variation instruments at Odessa, pointed to the possibility of dififer- 
ences in diurnal variation of the elements, even for neighboring 
stations, in regions of anomalies. 

Observations in anomalous regions. There are direct indications 
of the fact that time-variations in anomalous regions are actually 
different in diflferent localities. Thus Chydenius, comparing his 
Spitzbergen observations with previous ones, found that even for 
neighboring points the secular diminution was not identical. 

Neumayer remarks that at the known Asiatic anomaly declina- 
tion depends on the anomalies of secular variation. Here, for the 
district of west declination, there not only results a displacement 
of the isogonics, but they draw nearer together. N. D. Pilchikoff, 
comparing his observations with SmirnoflPs in the Kursk anomalous 
region, found values [table p. 109] for the secular variation per an- 
num, which differed considerably from those shown by de Tillo's, 
but he explained these differences by non-coincidence of his stations 
with those of Smirnoff. Carlheim Gyllenskold finds that in Sweden 
the local influences on secular variations exceed the observational 
errors. In localities of strong magnetic attraction, the variation 
differs considerably from that observed in their vicinity. Also 
Riicker noticed in England a difference in secular variation in 
stations not far from one another, which in some cases was much 
larger than could have been produced by errors in the observations 
of inclination ; so that local disturbances show noticeable influence 
on the secular variation. E. Oddone from Nov., 1891, until March, 
1892, on the basalt Rocks of Rocca di Papa, conducted observations 
on declination and duration of oscillation of the magnet. It was 
found that the declination increased to 5°, and the time of oscilla- 
tion from 31 to 33 seconds. 

N. D. Pilchikoff in the summer of 1896 placed a registering uni- 
filar at a point in the Kurskian anomalies, where the value of decli- 
nation is nearly 90°. The comparison of the curves of this in- 
instrument with those of the observatory doing duty at Kursk 
(where the declination is nearly normal) showed no similarity be- 
tween the curves of the two unifilar instruments, but Pilchikoffs 
curve bore a greater resemblance to the Kursk bi filar one. 

E. E. Leyst conducted variation observations on declination at 
the two points of the Kurskian anomaly showing greatest and least 
values of inclination. At the first, where y=59°7', H=o.2S$, the 
average diurnal amplitude proved to be 8'.4, when at Pawlowsk it 
was 20'. 5 for the same period. At the second point, where 7=82 °02', 
//=o.o76, the diurnal amplitude was 43'.2, whereas in Pawlowsk 
for the same day it was 13'. 2. Hence Leyst infers that magnetic 
masses close to the surface act like compensating magnets increas- 
ing or diminishing the directive action of terrestrial magnetism. 
It is remarkable that the amplitudes during the hours of the night 
especially differ from those at Pawlowsk. 

In Sept., 1900, I took a trip to the district of the anomaly, investi- 
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gated by myself, on the Yellow River, with the special purpose of 
taking observations on the variation of terrestrial magnetism. I 
selected two stations with widely different horizontal intensity. 
At the first {A) the mean of 39 observations on horizontal intensity 
gave /^=o.04253; at the second (B) from an equal number of ob- 
servations: /^=o.46396. 

At both stations observations of declination and of horizontal 
intensity were taken every 4 hours. In the following table, ^Da 
and ^Db respectively, denote the difference of the observed decli- 
nation at A and B from the respective mean of the 39 observations 
above given; AZ? denotes the same difference for Odessa. The 
geographical co-ordinates for the two stations are: 



Station 

A 
B 



Latitude 

o / n 

48 21 24 N 
48 18 51 N 



Longitude 

o I n 

3 <2 09 
3 13 40 



E. of Pulkowa.* 





SUtion A 


station B 




station A 


station B 


Odessa 


Sept. 5 


Sept. 6 


Odessa 


Sept. 5 


Sept. 6 


Mean 










Mean 










Time 


^^A 


AZ7 


^^. 


AZ7 


Time 


^^A 


AZ7 


^^. 


AZ> 


h m 


/ 


/ 


/ 


, 


h m 


/ 


/ 


/ 


t 


7 45^ 


-I-I4.4 


+4.8 


-f-2.0 


4-4.6 


015 /" 


— 14. 1 


-3.8 


— 1.0 


—3.3 


8 00 


-hio.9 


+48 


-f-30 


4-4-3 


30 


-14.I 


-3.1 


— 1.2 


—30 


15 


+ 8.9 


+■4.6 


+ 2.0 


4-5.0 


45 


-9.6 


-3.1 


— 1.5 


—30 


30 


-fii.4 


+4.1 


4-2.4 


-f4-5 


I 00 


-7.6 


—2.6 


—1.0 


—3.1 


45 


+ 8.9 


-1-4.0 


+2.3 


4-42 


15 


-9.6 


—2.2 


—2.0 


—3.0 


9 00 


+ ro.7 


+3.9 


+ 1.9 


4-4.0 


-30 


— 10. 1 


—2.2 






15 


-f-10.9 


+3-2 


+ 2.0 


+3.4 


45 


—1 1.6 


— 2.1 


— 1.0 


— 2.7 


30 


-hio.9 


+ 2.8 


+2.0 


4-3.1 


2 00 


—II. I 


— 1.8 


—1.0 


—2.2 


45 


-f- 3.9 


-fi.9 


-hi.9 


+2.4 


15 


- 8.1 


-1.8 


— 1.0 


—2.0 


10 00 


+ 6.9 


+0.9 


+ 1.1 


+ 1.8 


30 






— 1.0 


—1.6 


15 


+ 2.4 


-fO.2 


4-1.0 


+ 1.1 


45 


-'3.'6 


—0.7 


— 1.0 


— 1.2 


30 


- 3.1 


— 0.2 


0.0 


-fO.2 


300 


— 2.6 


—0.3 


—0.7 


— I.I 


45 


-4.6 


— I.O 


-0.5 


0.0 


15 


— 0.1 


— 0.2 


—0.7 


— I.I 


II 00 


-9.6 


—1.2 


-0.8 


—0.9 


30 


+ 1-9 


—0.1 


-0.8 


—1.0 


15 


— 8.1 


-1.4 


— 1.0 


— 1.6 


45 


4- 1.9 


0.0 


—0.5 


— 1.0 


30 


—14.6 


—2.1 


— 1.5 


— 2.1 


400 


4- 4.9 


0.0 


--O.3 


-0.9 


^^ .\ 


—10.6 


—30 


—1.0 


—2.6 


15 


+ 6.4 


4^.1 


4-0.2 


-0.7 


12 oqA 


—14.6 


—3-1 


—1-5 


—2.9 


30 


-h 6.4 


— 0.1 


0.0 


—0.1 












45 


4- 9-4 


—0.1 


0.0 


4-0.1 


1 










500 


4-12.4 


0.0 


0.0 


+0.5 












15 ^ 


-hi 1.9 


-ro.7 


-fo.3 


4-0.7 


1 










30 Z' 


+ 11.9 


-i-0.9 


-fo.3 


4-0.7 


Mean m 


ac^netic < 


declinat 


ion . . . 






/ 
— 27.2 
29.0 


/ 

+4 31.1 
7.6 


/ 

4-4 45.8 

50 


• 

+4 29.3 
8.3 


Ransre . 










*'*****0^ .c... 



[The author takes west declination, positive]. 
♦To refer to Greenwich, add 30° 19' 39".— Ed. 
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From this table it appears that at A, where the horizontal in- 
tensity is least, the range is consilierably greater than at Odessa. 
At B, it is on the other hand less than at Odessa. It will be noted 
that the time- variation at A is much less regular than at Odessa, 
reminding one of the variation curve during a disturbance. In 
general the results confirm those of Leyst. 

In the following table the observations of the horizontal in- 
tensity are given, the same notation being followed as in the previ- 
ous table. The quantities are given in units of the fifth decimal 
C. G. S. 



Odessa 


station A 


Odessa 
Mean ' 


Station B 


Odessa 
Mean 


station A 


Odessa 
Mean 


station B 


Mean 
















Time 


^^A 


t^H 


Time 


A-^B 


A// 


Time 


^^A 


b.H 


Time 


A//„ 


A// 


h m 


! 




h ra 






h m 






h m 






7 53-4 


+ 13 


+ 3 


7 50/^ 


— 34 





o\P 


-8 


— II 


o-sP 


+43 


+ I 


8 06 


j -l-io 


-f 3 


804 


— 14 


+ 2 


19 


—4 


— 9 


20 


+26 


— 3 


21 


-f 7 


+ 6 


20 


-48 


+ 2 


34 


—7 


—II 


34 


+32 


— 7 


36 


1+8 


+ 6 


35 


— 49 


+ 7 


50 


—7 


— 5 


50 


+57 


— 8 


50 


+ 6 


-f 6 


50 


— 33 


+»1 


I 05 


—6 


— 5 


I 04 


+58 


— 7 


9 04 


-f 4 


■f 7 


9 03 


—120 


+ 13 


18 


-4 


—II 


19 


+59 


— 7 


20 


4- 3 


+ 9 


20 


— 62 


+ 16 


34 


1 -4 


—15 


48 


-19 


—II 


34 


l-h I 


-hio 


34 


-36 


+ 19 


50 


+2 


-16 


'\l 


+ I 


— 10 


50 


1— I 


+ 7 


48 


— 20 


+ 20 


2 05 





—15 


— 2 


—II 


10 06 


1+ 2 


+ 6 


10 04 


- 34 


+23 


21 


-f2 


—13 


^i 


— 2 


— 8 


19 


1— 6 


^ 3 


19 


— 22 


+22 


50 


+5 


— 7 


+46 


— 10 


34 


— 3 


— 2 


34 


+ 18 


+ 19 


3 04 


+4 


— 7 


3 05 


+ 11 


—II 


50 





— 5 


49 


+ 5 


+ 19 


20 


+7 


— 3 


18 


+40 


—14 


II 04 


— I 


— 7 


II 04 


+ 4 


+ 13 


34 


+2 


4- 2 


33 


+14 


—15 


20 


— I 


— 7 


18 


— 19 


f 6 


48 


+2 


-f 2 


48 


— 10 


—15 


34 


— 3 


— 12 


34 


+ 19 


+ 2 


4 06 





+ 5 


404 


+21 


—12 


52^ 


- 8 


— 7 


50^ 


— 10 


+ 3 


18 ' 





-h 6 


19 


— 2 


— 10 














34 


— 2 


-f 8 


33 


— 8 


"" I 














50 


—5 


-fT4 


48 


+25 


^ 8 














5 04 


—7 


-fi9 


5 04 


— 5 


— 7 














19 


—6 


+ 19 


18 


+30 


— 6 














35/^ 


—4 


+ 17 


34/^ 


+30 


— 6 


Mean h< 


)rizontal int< 


ensity 


•04253 
.00021 


.21882 




•46396 
.00179 


.21873 
•00038 


Range . 




•00035 







These observations give at the first glance an unexpected result, 
viz., they show that the change of the horizontal component is 
greater in proportion as the value of the component is greater. 
The amplitude at ^ is 8>^ times more than at A^ when on the cor- 
responding days the amplitudes at Odessa were nearly equal. The 
following theoretical discussion enables us to find the probable 
cause of this phenomenon. 

[To be Continued^ 
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RESULTS OF RECENT MAGNETIC OBSERVATIONS IN 
MEXICO (i9o6-'o8). 

By Felipe Valle 
Director, Observatorio Astronomico National Mexicano, Tacubaya, Mex. 

I take pleasure in communicating to this Journal an abstract of 
the magnetic observations recently made in Mexico under the direction 
of this Observatory. 1 The designations of the respective observers used 
in the tables are : 

M, M. A. — Manuel Morefio y Anda. 

A. D. C. — Abel Diaz Cobarrubias. 

V. G. — Valentin Gama. 

The observational work extended from December, 1906 to June, 
1908, and was carried on with magnetometers and dip circles compared 
with the magnetic instruments of the Carnegie Institution magnetic 
observer, J. P. Ault, in December, 1906 and January, 1907. 

No corrections for diurnal variation have been made, except to the 
magnetic declinations, the corrections for which were applied by Dr. 
L. A. Bauer, with the aid of data from the United States Coast and 
Geodetic Survey Magnetic Observatories — these corrections did not 
exceed 3^, being on the average less than 2\ 

Results of Recent Magnetic Observations in Mexico. 



stations 



Latitude 

N 



Longi- 
tude 
WofGr. 



Date 



Obsorad Mantle Klements 



Decl'n Incl'n H.Int. 



Ob- 
server 



Tonald, 

Salina Cruz 

Rinc6n Antonio, . . 
Sta. Lucrecia, . . . 
San Juau Bautista, . 
Coatzacoalcos, . . . 

Hule El, 

Cayo Lobes, .... 

Te'huacdu, 

Balsas, 

Matamoros Izucar, . 
Lagui a del Carmen, 

C6rdoba, 

Cuernavaca, .... 

Puebla 

Mauzanillo, .... 

Vera Cruz, 

Coliiiia, 



09.3 
095 
55.7 
26.0 

59-2 
08.7 
09.4 
22.1 
28.0 

34-4 
36.0 

38.7 
53-5 
550 
03-4 
03.0 
12.0 
12.0 



9403.0 

95 10.5 

103 07.5 
9501.5 
92 55-5 
94 25.5 

102 19.5 
87 22.5 

97 28.5 
IOI4.V5 

9828.5 

91 540 

96 57.0 
99150 

98 13.5 

104 18.0 
9607.5 

103 51.0 



1907.7 
19075 
1907.3 
1907.3 
1907.7 

19073 

1907.3 

19075 

1907.5 

1907.4 

1907.617 

1907.7 

1907-3 
19074 
1907.4 
1907.1 8 
1907.317 
1907. 1. 8 



18.5 E 
10.8 E 

22.4 E 

1 1.3 E 

38.1 E 

01.2 K 

20.5 E 

40.1 E 
00.5 E 
58.8 E 

18.6 E 

ci6.8 E 
04.5 E 

31.4 E 

31.7 E 

25.5 E 



41 08.6 

41 27.4 

42 14.0 

42 53-9 
44 09.7 
44 26.5 

44 10.8 

45 58.8 

44 12.8 

43 02.8 

44 08.4 

45 ii.o 

45 01.3 
44 33 2 

44 45-7 

43 58.3 

45 23.1 

44 03.2 



c.g.s. 

.3309 
•3306 
.3364 
.3372 
.3266 
•3306 
■3306 
•3234 
.3294 
•3324 
•3303 
.3209 
.3290 
.3302 

3291 
.3300 
■3300 
•33T2 



A. D. C. 
A. D. C. 
M.M.A. 
M.M.A. 
A. D. C. 
M.M.A. 
M.M.A. 
A. D. C. 
M.M.A. 
M.M.A. 
M.M.A. 
A. D. C. 
M.M.A. 
M.M.A. 
M.M.A. 
M.M.A. 
M.M.A. 
M.M.A. 



^ A summary of all available magnetic results in Mexico, inclusive of those 
here given, as also the recent observations of the Carnegie Institution of Wash- 
ington, with the values reduced to January i, 1905, is contained in the publication : 
United States Magnetic Tables and Magnetic Charts for January i, 1905, by "L,. A. 
Bauer, United St.\tes Coast and Geodetic Survey, Washington, D. C, 1908. 
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Station. 



^ WofGr. 



Date 



ObMired Ibgiutu BlcBtnto. 



I Decl'n iDcl'n H.Int. 



Ob- 
server 



Toluca, 

Cuajinialpa, 

Uniapam, 

Jalapa, 

Los Reyes, 

Zapotldn, 

Apam, 

Morelia, 

Ascencion Bahia, . . . 

Teziutldn, 

Acdmbaro, 

Tulancingo, 

Peto, 

Pachuca, 

San Antonio Polotitldn,. 

Huichapan, 

LaPiedad, 

Cozumel, S. Miguel, . . 

Ameca, 

Maxcanii, 

Quer6taro, 

Chemax, 

Guadalajara, 

M6rida 

Morel OS, Puerto, .... 
Le6n(rancho de Tampa), . 

Temax, 

Mujeres I, 

Progreso, 

Lagos 

Tepic, 

Catoche, Ca»»o 

Linares,* 

Rio Verde, 

Valles, 

San Luis Potosi, 

Rinc6n de Romos, . . . 

Tampico, 

Guaaalupe, 

Zacatecas, 

Mazatldn, 

Catorce, 

Ciudad Victoria, .... 

Bermejillo,* 

La Paz, 

Canatldn, 

Altata, 

Tepehuaues, 

Parras, 

Saltillo, 

Monterey, 



19 17.5 
19 21 

19 25.0 
19 31.6 

19 33-5 
19 40.0 
19 41.1 
19 42.2 
19 44.0 

19 49.5 

20 oi.o 
20 04.8 
20 07.6 
20 07.8 
20 13 
20 23.0 
20 26.0 
20 30.0 
20 34.1 
20 35.2 
20 35.7 
20 39.0 
20 40.5 
20 58.0 

20 59.9 

21 07.4 
21 09.1 
21 15.9 
21 17.2 
21 21.4 
21 30.8 
21 36.0 
21 51.6 
21 55.8 

21 59.1 

22 09.2 
22 13. 1 
22 16.0 
22 46.6 

22 46.6 

23 1 1-3 
23 41.6 
23 42.9 

23 5 10 

24 09.6 

24 30-^ 

24 389 

25 21.3 
25 23.0 
25 25 
25 40 



99390 
99 18.0 
loi 57.0 

99 55-5 

102 31.5 

10339-0 
98 12.0 

101 06.0 
8928.5 

97 25.5 
10025.5 
9822.5 
8852.5 
9843-5 
99510 
9939.0 

10 1 42.0 
87 12.0 

104 10.5 
9000.0 
roo 22.5 

87 55.5 

103 21.0 
8939.0 
8652.5 

loi 39.0 
8852.5 
8645.0 

8940.5 
loi 54.0 

104 570 
8704.5 
9928.5 

100 00.0 

9901.5 

100 58.5 

102 27.0 

9748.0 
102 33.0 

102 33.0 
10625.5 
10057.0 

9907.5 

103 42.0 
no 12.0 
10446.5 
10800.0 

105 46.5 

10 1 03.0 
loi 00.0 

100 18.0 



1907.7 
J 907. 1 
1907.7 
1907.8 
1907.7 
1907. 1 

1907-5 
1906.9 

1907.5 
1907.5 
1906.9 

1907-5 
1907.7 
1907.8 
1908.5 
1907.8 
1907.0 

1907-5 
1907.4 

1907-5 
1907.0 
1907.6 
1907-1 
1907-5 
1907.5 
1907.0 
1907.7 
1907-5 
1907-5 
1907.0 
1907.7 
1907.6 
1907.0 
1907. 1 
1907,0 
1907.0 

1907-3 

1907.0 

1907.0 

1907.0 

1907.2 

1907.0 

1907.0 

1907 

1907.2 

1 907. 1 

1907.2 

1907. 1 

1907. 1 

1907.0 

1907.0 



8 16.4 

7 39-2 

8 12.7 

7 27.7 

8 28.1 
« 38.2 

8 19.7 

4 44.9 
7 55.5 
806.5 

7 51-6 

5 29.1 

8 07.9 
8 36.8 
8 02.4 
838.9 

4 34-6 
09.6 

35.5 
20.4 
05.2 
56.0 
38.4 
33.8 
18.9 
340 
41.1 
48.0 

8 30.6 

9 04.5 

5 05.3 
843-6 
8 23.5 
8 u.i 
8 43-1 
8 44.9 

8 01.3 

9 02.0 
9 02.2 
1004.5 

8 38.4 
8335 

9 14.6 

10 46.5 
951.8 



10 22.1 
9 26.4 
902.5 
8 59.0 



44 56.6 

45 04.4 
44 20.0 
44 06.8 
44 29.3 

44 44-9 

45 51-9 
45 08.0 

47 58.9 
45 54.4 

45 40.6 

46 17.1 

48 0T.8 
46 25.4 
46 13.0 
46 46.1 
45 55-8 

49 14-8 

45 35.4 

50 00.0 

46 53.7 
49 18.8 

46 00.7 
49 29-8 
49 58.8 

47 15-8 

49 36.8 

50 27.1 
50 00.0 

47 15-4 
46 47.8 

50 45-9 

52 27.6 

48 26.2 
48 44-0 
48 25.2 

48 28.6 

49 32.3 

48 52-5 

49 07., 

49 17.' 

50 39.8 
50 59-0 

53 09.1 

49 46.0 

50 41-3 

50 43.4 

51 51.6 

52 39-5 

52 57.8 

53 23.8 



cg.s. 

•3291 
3300 

3304 
.3269 

-3335 
.3288 
.3148 

■331 1 
.3180 
.3269 
•3300 
•3254 
-3178 
-3274 
■3291 
.3286 
.3270 
-3153 
-3303 
.3163 

.3T55 
.3274 
.3167 
-3159 
.3238 
-3155 
-3127 
-3137 
.3245 
-3248 
.3121 
•3065 
.3195 
.3205 

•3190 



.3180 A. 

.3T96 

•3196 

•3150 

•3192 

.3137 

•3036 

.3169 

.3124 

.3076 
.3072 
-3032 
•3043 



M.M.A. 
M.M.A. 
M.M.A. 
A. D. C. 
M.M.A. 
M.M.A. 
M.M.A. 
M.M.A. 
A. D.C 
M.M.A. 
M.M.A. 
M.M.A. 
A. D.C. 
M.M.A. 

V. G. 
M.M.A. 
M.M.A. 
A. D.C 
M.M.A. 
A. D.C 
M.M.A. 
A. D.C 
M.M.A. 
A. D.C 
A. D. C 
M.M.A. 
A. D. C 
A. D.C 
A. D.C 
M.M.A. 
M.M.A. 
A. D. C 
A. D. C 
A. D. C 
A. D. C 
A. D.C 
M.M.A. 

. D. C 
M.M.A. 
M.M.A. 
M.M.A. 
A. D. C 
A. D. C 
A. D. C 
M.M.A. 
A, D. C 
M.M.A. 
A. D. C 
A. D.C. 
A. D. C 
A. D. C 



"^'IfOcal disturbance. 



Digitized by 



Google 



THE MAGNETIC STORMS OF SEPTEMBER, 1908. 

O. H. TiTTMANN, 

Superintendent United States Coast and Geodetic Survey. 

During the month of September, 1908, there were two magnetic 
storms of unusual severity, one beginning on the i ith and the other 
on the 28th. There was also a storm on the 4th and 5th greater 
than any that had been recorded at the Cheltenham Magnetic 
Observatory since March\ but it did not approach the magnitude 

iSee " I^ists " published in the current issues of this Journal. 

of those occurring later in the month. Some details of these two 
storms, as recorded by the Eschenhagen magnetograph at Chelten- 
ham, may be of interest. The normal values for that place are 
approximately as follows: Declination (Z^) 5° 31' West; horizontal 
intensity (//) 19,930 gammas; vertical intensity (Z) 56,350 gammas. 
(One gamma, designated by y, is equal to o.ooooi C, G. S. unit). 
The times given are Greenwich mean time counted from midnight. 

The first indication of the storm of September nth was about 
7^ 20°*, consisting of a slight decrease in D and // followed almost 
immediately by a more marked increase amounting to about 2' 
in B and 18 gammas in H. This is a characteristic of the begin- 
ning of many magnetic storms and has been the subject of investiga- 
tion by Dr. van Bemmelen. From that time the cur\'^es show little 
variation from the normal until about 21^ 43°^, when // began to 
increase by leaps, reaching its maximum value about 22** 20". 
There followed immediately a decrease almost as rapid amounting 
to 225 gammas (o.oi 1//) in less than two hours. Another sudden 
increase of 100 gammas (0.005^^) in 17 minutes was followed by a 
decrease which carried the spot of light off the paper at 0^50°^ 
Sept. 12, and finally unbalanced the magnet system, so that no 
further record of // was made by the variometer. On the Adie 
magnetograph it was possible to get an approximate idea of the 
minimum value of //, but there too the curve went ofi the paper. 

The large fluctuations in D began at about the same time as for 
// and consist of alternate maxima and minima with irregular fluc- 
tuations in between. The most marked phases occurred as follows : 

Maxima at 23** 20°*, o^ 15°*, 3^ 43"S 5*^ 17°*, 6^ 57"\ and min- 
ima at 23^ 55°^, i^ 42°*, 4^ 25°^ and 5^ 50'", the extreme values be- 
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ing at \^ 42" and 6*^57°* September 12. The principal part of the 
storm was over by io*> on the 12th, though there was some disturb- 
ance later in the day. The vertical force magnet was upset at 
22^ 25™ on the nth while the force was increasing very rapidly. 

The storm beginning on the 28th was marked by two short 
periods of disturbance of great amplitude separated by a period of 
comparative calm, followed by a long period of great activity with- 
out such extreme fluctuations. At about i^ 30™ on the 29th there 
was a small decrease in //followed immediately by a sudden increase 
of about 50 gammas (0.0025//). An irregular decrease then set in, 
amounting to 135 gammas (0.0068//) up to 4** 16™, when another 
abrupt reversal of motion took place. After an increase of about 
60 gammas (0.0030//), a very rapid decrease began, amounting to 
about 200 gammas (o.oio/T) up to 5** 18", when the curve went off 
the paper. It reappeared about 5** 50" and after a rapid increase 
for 15 minutes and rapid fluctuations for 45 minutes, the disturbance 
subsided. The first large disturbance in Z began about 4** and its 
principal features correspond with those for H. The second large 
disturbance in H began about 13** 45°*, Sept. 29, and was of 
about the same character and duration as the first, but of somewhat 
less magnitude. The storm continued with decreasing violence for 
40 hours afterwards. The fluctuations in H are very well marked 
for half that period, many of the turning points being sharp, 
and the maxima and minima following each other at comparatively 
regular intervals. With D and Z the fluctuations are not so pro- 
nounced nor the turning points so distinctly marked. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 

CHELTENHAM MAGNETIC OBSERVATORY 

July i-September 30, 1908 





GREENWICH MEAN TIME 








RANGE 




Bbginnino 


Ending 




D 


H 

(HOT'lIn- 
taiuity) 


Z 

(Ver'l In- 
tenflty) 


July 


15, 
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m 
17 


July 


18, 


h 
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31.8 


7 
III 


7 
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24. 


II 
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July 


25, 
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100 


38 


August 


7, 





51 
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9» 


19 


38.5 


160 


64 


August 


lit 


II 


18 
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14, 


16 


23.3 


186 


73 


August 


19. 





12 
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19, 


19 


42.6 


145 


119 


August 


21, 


8 


38 


August 


22, 


8 


20.5 


126 


91 


September 


4. 


17 


42 


September 


6, 


5 


37.1 


213 


128 


September 


II, 


21 


43 


September 


12, 


21 


70.3 


425* 


t 


September 


28, 


8 


41 


October 


I, 


13 


51.0 


420 


7oot 



O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey. 



J. E. BuRBANK, Observer-in- Charge. 



THE MAGNETIC CHARACTER OF THE YEAR 1907. 

By E. VAN EVERDINGEN. 

The second 'annual review of the "Caract^re magn^tique de chaque 
jour" (see Terrestrial Magnetisniy vol. X, p. 197; vol. XII, p. 183; vol. 
XIII, p. 36) states that 37 observatories contributed to the quarterly re- 
views, and that 32 sent complete data for 1907. Two among the observ- 
atories partaking for the first time described their method of classifica- 
tion. 

The annual review has been drawn up in the same manner as for 
the first year (1906): the second Table and the list of "calm days" are 
reprinted here. 

* Range in H actually greater than value given as light passed beyond limits 
of paper. Eschenhagen H variometer magnet unbalanced by storm. 

fBoth Eschenhagen, and A^ie, Z variometer magnets were thrown out of bal- 
ance by sudden variations in Z, and hence no estimate of range can be given. 

^Eschenhagen Z variometer magnet was unbalanced. Range slightly greater 
than value given as spot of light passed ofif bottom of Adie sheet by a smal 
amount. 
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NOTES 



7. MAGNETIC PUBLICATIONS. In looking over magnetic 
publications and communications, it is found that, for one reason or an- 
other, errors both theoretical and numerical appear more frequently than 
should be the case in scientific work. Sometimes the method of observ- 
ation itself is theoretically faulty, hence not such as to permit only one 
definite result being obtained by scientific methods; instead, various re- 
sults may be forthcoming according to the method of computation em- 
ployed. 

Take, for example, fvom actual practice, the case of observing the 
time of every tenth transit of some distinguishing mark on an oscillating 
magnet across a vertical thread. Let the observed times be : /o» A» ^2. 4» 
^4» ^5, 4. A. ^8' ^9' Ao J ^10 records the time for the looth transit. Now some 
observers will find the time of ten vibrations by forming the differences 
A A. viz. : /i — /o. ^2 — A, etc., and take the mean of these differences and 
then by dividing it by ten get finally the time of one vibration. It is 
apparently not noticed that the identical result would be reached by dis- 
carding all the observed times except the first and last and dividing the 
difference /jo — 4 by 100. Except for detecting irregularities, due to 
possible magnetic perturbations, it was a waste of effort, as far as the 
method of computation is concerned, to have observed the intermediate 

transits /, /», since they contribute nothing whatsoever towards 

increasing the accuracy of the finally derived time of one vibration. 

Now this kind of error, palpable as it appears when put in an alge- 
braic form, occurs not alone in vibration observations, but was only 
recently committed in a publication in which the annual secular varia- 
tion of the magnetic elements for certain European stations was obtained. 
For illustration, let us say that the annual values of the magnetic dec- 
lination {D) for 1900 up to 1905 are tabulated. In this publication the 

annual differences D, viz.: Z?,^, — Aaoo* Aws — A904 are formed, 

and then the mean of these differences is regarded as the annual secular 
change during 1900- 1905. Here again precisely the same result would 
have been derived by rejecting, in toto, the laborious work of the observ- 
atories for every year except for 1900 and 1905 and dividing the observed 
difference by 5. 

Returning to the first example, which as said is taken from actually 
observed practice, let us see whether it is possible to use a method of 
computation utilizing in full all the effort put upon the work. It will be 
seen at once that even the method, well-nigh universally used now, can 
not be applied to this case without bias on the part of the computer as 
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to which observation to reject. Thus, suppose he wishes to derive the 
time of 50 vibrations as often as possible with the given set before him 
and he forms /g — /q. 4 — A. A — A) 4 — ^8» 4 — U \ then comes the 
"rub": What use can be made ^Ao? Or, he might reject t^ and begin 
with A, forming the differences 4 — A, etc. There is thus left to the 
computer a certain amount of arbitrariness, a different result being 
theoretically derivable by each independent computer. 

Hence, the first and fundamental pri7uiple of observation must be to em- 
ploy such a method or scheme as will produce but one definite result and 
that with the highest accuracy attainable and with the least amount of com- 
putation possible. 

It will be observed that even a least square method of computation, 
were it applicable here, would give the middle observation U zero weight 
and thus virtually reject it. The scheme is furthermore faulty in that 
it makes no provision for the elimination, as far as possible, of the 
changing magnetic declination during the period of observation. In- 
stead of an even number of vibrations intervening between the observed 
transits il has been found better to allow an odd number of vibrations 
to pass, so that a transit of magnet coming once from the right, say, and 
next from the left, is observed. The interval of transits should be such 
(20S — 30S ) as to permit the observer sufficient time for comfortably 
noting the transit and also recording them, when necessary. 

Likewise, it is better in order to increase the accurary of the deduced 
period of one swing to extend the set beyond that cited. For usually the 
accuracy attained in the vibration observations falls behind that of the 

deflection observations. Let us say that V, // t©^ be the observed 

times of every fifth transit and after allowing 55 vibrations, for example, 

to pass, we begin again and observe as before V^ — //^, //^. We 

may now form the differences t^'' — /o^ A'^— ^t V^— V» ^°^ ^^^^ 

get the time of 100 vibrations ten times, from which, in general, the 
time of one vibration may be obtained with sufficient accuracy. But 
suppose we take a third series as did an observer whose observations 

came to our attention : 4^^^ A^^^ //^^ and then cease observing. 

This observer besides forming the differences /« ^^ — In \ as above, also 
obtains, in a similar manner t n' ' — tn^' and thus, as he believes, gets 
the time of 100 vibrations 20 times, independently. As a matter of 
fact, the method of computation adopted virtually rejects the second 
series. The observer should have gotten another series. 

8. SECULAR VARIATION REDUCTIONS, It is rather fre- 
quently assumed that the average annual change as deduced by dividing 
the difference of the observed elements by the intervening interval of n 
years applies throughout the interval. This procedure, of course, implies 
that the law of change is a linear one which has been found not to be 
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true for even a rather limited period of 5 or 10 years. When the interval 
extends beyond ten years, as it frequently does, serious error may be 
committed when the attempt is made to reduce intervening observations 
with the aid of the average secular changes deduced from the extreme 
years, hi fact it is not as thoroughly recognized to-day, as it should be^ 
that with lapse of time the great care and observational skill shown in the 
original observation may actually be lost owing to error in the secular varia- 
tion reduction. Those engaged in magnetic surveys should bestow equal 
care on the secular variation corrections io that given to the observing of the 
magnetic elements thetnselves. And it should be remembered, unless fre- 
quent re-determinations of the elements be made after a survey has been 
completed, that he whose duty it is to reduce the carefully made observa- 
tions to some future epoch when constructing general charts, must apply 
secular changes dependent upon more or less meager data and may thus 
unwittingly reduce the value of previous work as far as it bears on the dis- 
cussion of the general magnetic condition of the Earth. Unfortunately 
the magnetic observatories are neither sufficient in number nor always 
most favorably placed, so that sole dependence can not be put upon them 
for secular changes. But even such results as are available from exist- 
ing observatories can not always be reliably used for one reason or an- 
other—either because change of station, or of instrument, or of new in- 
strumental constants or methods, etc., etc., do not furnish a strictly ho- 
mogeneous series. 

The second poifit to which attention^ therefore, might well be called is: 
It is yiecessary for an observer if he desires the most effective use to be made 
for as long a time as possible, of his observations — on which he has fre- 
quently spent most painstaking care — to take more than a local or personal 
view of his work. IM him place himself in the position of the investigator 
who is to utilize his results in the discussion of world-wide problems and 
fancy what data he would himself require for the readiest and ^nost efficient 
method of discussion. This investigator ought not to be obliged to do that 
which the observer, himself, could do best with the knowledge and facilities 
he has on hand. He should not be required to search over volumes to get 
hold of the essential facts and even then find that the observer failed to ap- 
preciate the ''terrestrial or inter natimial'' bearing of his work. 

9. ERRONEO US MA GNETIC RESUL TS. The cases exemplified 
in the preceding paragraphs are, in reality, mild in comparison to some 
encountered by one who must utilize data from all regions of the globe. 
What excuse, for example, can be found when a prominent organization 
publishes a value of the horizontal intensity which a mere superficial 
inspection of a magnetic chart would show utterly impossible for the 
locality concerned? There might be a suspicion of an extraordinary 
local disturbance which, however, in this particular case is neither re- 
vealed by the declination and inclination observations of the same or- 
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ganization at the same station, nor by any previous observations. For- 
tunately, in this instance, the deflection and vibration observations were 
published in sufficient detail not only at this station (let us say S) but at 
the preceding and the subsequent ones to permit certain checks being 
applied. Working simply with the deflections, a value for // at S is 
found which appears correct. Hence, either the vibration observations 
at ^ are faulty or an error of computation was made. An examination 
soon reveals that the observer noted the wrong number of vibrations, 
evidently having been misled by his observations at previous stations. 
Taking this fact into account, a proper value of // likewise results from 
the vibration observations. The revised value from the combined observ- 
ations is 0.066 C. G. S. different from the published one ! 

But even more striking instances of lack of care which a mere in- 
spection of charts or the merest elementary knowledge of the laws of 
magnetism would have revealed, can be given. How is it possible to 
avoid the repetition of work which the observers themselves, judging 
from the number of decimals used, thought of the highest accuracy, and 
yet which yield such indifferent results, violating certain well established 
laws and representing a great waste of time and money ? 

The third point made therefore is : That those undertaking magnetic 
work should seek every advice possible from skilled magneticians and sub- 
mit, from time to time, their proposed methods of observation, computation 
and publication as also their instruments to a thorough examination. It 
should be realized that it is not sufficient for an observer to merely know 
how to use the instruments and conduct the work with constants supplied by 
some nmgnetic observatory. He should be able to determine all constants 
himself or at least be familiar with the methods for their effective and nec- 
essary cojitrol. Unless there is some such co-operation betweai the observer 
or organization zvith an experienced magnetic observatory or a magnetic 
institutiofi it may confidently be expected that the results obtained will be a 
disappointment and a source of perplexity, and even embarrassment, to the 
person who must utilize them. The day has gone by when any organization 
or person can afford to be subjected to the humiliatioji of having the results 
rejected as worthless or of insufficient accuracy. 

10. TRAINING OF MAGNETICIANS. The attention of those 
having in charge the instructing of prospective magneticians should be 
called to the urgent need of a course of training in computing similar to 
that which he who chooses to devote himself to astronomical w^ork can 
obtain with comparative readiness. There is as much need of a '• com- 
puting institute " for the benefit of magneticians and meteorologists as 
for astronomers. The knowledge of how to quickly and with all-sufficient 
accuracy reduce geophysical observations is one of the most urgent needs of 
to-day. The investigator should take equal care in the revision of his pub- 
lished results as zvith the observatiojis themselves. 
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11. MAGNETIC WORK IN ARGENTINA. Director W. G. 
Davis, under date of July 22d last, writes: 

•' Our magnetic work on the continent has been somewhat inter- 
fered with up to the present time by the necessity for instructing and 
equipping parties to occupy our Antarctic stations; variometers have 
been in operation at Pilar, Province of Cordoba, since May, 1904; during 
the early part of 1904 we took over the station on Laurie Island, South 
Orkney Group, established by the Scottish National Antarctic Expedi- 
tion in 1903, and observations have been kept up at that point to this 
date; in January, 1905, a set of Eschenhagen variometers was installed 
at the station and it has been operated successfully except during the 
latter portion of 1906 and all of 1907, for which period we have absolute 
determinations of the values of the magnetic elements, made at short in- 
tervals. Field operations, on the continent, extending over this country, 
Uruguay, Paraguay, and Chile, have been carried on as opportunity per- 
mitted, but in this work we have been badly handicapped by the un- 
fortunate loss of the "Austral" in December last, which carried a large 
number of magnetic instruments; however, with instruments which 
have been since acquired and some which have been recovered from the 
wreck, we are again engaged in extending the field work and reoccupy- 
ing stations which were first visited during the early portion of 1904. 
A large portion of a report on the field work is now in the hands of 
the printer, and our South Orkney observations, for the year 1904, are 
now coming from the press." 

12. Personalia. We must record, with regret, the death, on Oc- 
tober I St, of the mine engineer and teacher, Lenz, who, as will be 
recalled, conducted a magnetic observatory for recording declination 
variations in connection with the operation of the mines at Bochum, 
Germany. He is succeeded by Mine Engineer Mintrop. The death of 
Dr. K. ZoeppritZy in charge of the seismological work at Gottingen, 
under Professor Wiechert, has also been reported this summer. 

M. Dongier was granted, by the Paris Academy of Sciences, from 
the Bonaparte Fund for 1908, 2,000 francs for the simultaneous study 
of rainfall and atmospheric potential. 

We must note with great regret the death on October 13th, at the age 
of 77 years, of a warm and valuable friend of magnetic research in the 
United States of America — Daniel Coil Gibnan — first president of the 
Carnegie Institution of Washington and formerly president of the Johns 
Hopkins University from 1875 to 1901. 
7 
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POSITION OF THE SOUTH MAGNETIC POLE. ^ 

At the recent meeting of the British Association for the Advance- 
ment of Science, Mr. L. C. Bernacchi presented a paper on the results 
of some physical observations taken on the National Antarctic Expe- 
dition by the Discoi'ery, 1902-04, in lat. 77"^ 50^ 45^' S., long. 160° 44' 30^^ 
E. The magnetic and other physical observations conducted on the 
shore close to the ship extended over a period of nearly two years. 
The Discovery s " winter quarters " were to the southeast of the south 
magnetic pole, the mean absolute declination being about 152° E. From 
the photographic records by the Eschenhagen raagnetographs the gen- 
eral character of the regular diurnal variation of declination is clearly 
shown, the movement being five or six times as large as that at Kew ; 
even during the months when the Sun is continuously below the horizon, 
the diurnal range remains large — at least double that at Greenwich at 
midsummer. The seasonal change in the type of the diurnal variation 
is very small. In temperate climates generally the changes of declina- 
tion during the day are conspicuously larger and more rapid than dur- 
ing the night. At the " winter quarters " there was no such marked 
difference. The horizontal force at the "winter quarters" was about a 
third of that at Kew, but the range of the diurnal inequality about 50 
per cent greater than at Kew. The type also varies very little with 
the seasons, and is totally different to that at temperate stations. 

Vector diagrams have been made for the " winter quarters " for the 
whole year, and for the seasons midwinter (May to July), equinox 
(March, April, September, October), and midsummer (November-Jan- 
uary). The differences between these diagrams and the vector dia- 
grams for Kew and Falmouth are remarkable. There is much less 
symmetry than in England, the direction of motion is anti-clockwise, 
and there is very little difference in type for the different seasons. The 
most striking peculiarity in the diurnal inequality in all the elements is 
the large size of the fundamental or 24-hour Fourier "wave" as com- 
pared to the harmonics of shorter period. 

/// order to determine the position of the south magnetic pole by means 
of all the declination observations taken at the *• winter quarters, " 
sledge journeys, and at sea, the results |have been plotted (by Capt. 
L. W. P. Chetwynd, R. N.) and the direction of the magnetic meridians 
as indicated by the observations extended towards the magnetic pole. 
These lines of direction intersect within a space triangular in form. 
The radius of the circle inscribed in the triangle measures about 38 
geographical miles, and the center of the circle indicates the probable 
position of the pole, and is in latitude 72° 50^ S., longitude 156° 20'' E. 
All the inclination results were plotted on a chart and lines of equal 

1 Extracted Uam. Electrical Engineering^ vol. IV, p. 432, Sept. 17, 1908. 
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inclination drawn, from which the probable position of the pole is indi- 
cated to be in latitude 72° 52^ S., longitude 156° 30^ E. The agreement 
between this position and that determined by the declination results is 
remarkable, and may be considered as corroboration of the results. 



WADES FIELD METHOD FOR DETERMINATION 
OF LONGITUDE. 

A bulletin on '♦ A field method of determining longitudes by obser- 
vations of the moon," by B. B. H. Wade, M. A., which is published 
by the Survey Department, Ministry of Finance, Egypt, contains a very 
interesting account of fixing longitudes in unsurveyed regions where the 
electric telegraph is not available. 

Briefly the method consists in determining the time when the 
moon (or rather a point of the limb) subtends the same angle with two 
stars, lying in or near its path, one preceding, the other following. It 
does not require the measurement of the angle but only immutability in 
the mechanical parts involving the angle between the star and moon. 

In the observ'^ations there is some resemblance to Talcott's zenith 
telescope method, but the computations on the other hand lack the sim- 
plicity which is found in his latitude method. This, however, is a 
minor consideration compared to the importance of securing good longi- 
tude locations in unexplored regions where heretofore the latitude and 
azimuth were the only astronomic elements that could be determined 
absolutely, in the field. 

The results obtained at Helwan are quite encouraging, especially 
in view of the fact that the definition of the moon's limb was not so 
perfect as was obtained after some improvements had been made in 
the mounting of the mirrors. The observations at Tanta are very 
concordant but are not sufficiently numerous to convey a reliable esti- 
mate of the increased accuracy of the method due to the improved 
mountings which had been made. 

The instrument would probably be an invaluable auxiliary to arc- 
tic and antarctic expeditions. It must be remembered, however, that 
Mr. Wade's instrument is limited in its use to certain favorable con- 
ditions. It must be sufficiently dark to see the required stars, and the 
moon must have a considerable altitude in order to observe *' preced- 
ing and following stars." The first condition restricts the use to winter 
in polar regions. It is here that longitude determinations have been 
usually very meager. The last condition restricts observations to some- 
thing like a semi-lunation in low latitudes. 

It is suggested that the errors due to "collimation" and "irregu- 
larity of the rotation axis" might be eliminated by placing the objec- 
tive in the box sextant, making it an integral part of the same. 

William J. Peters. 
Department Terrestrial Magnetism, 
Washifigton, D. C. 
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AWARD CONTRACT CONSTRUCTION MAGNETIC SURVEY 
YACHT "CARNEGIE". 

The necessary appropriation having been made by the Trustees of 
the Carnegie Institution of Washington on December 8th, 1908, the con- 
tract for the construction of the magnetic survey yacht Carnegie was 
awarded on December 9th, as the result of competition, to the Tebo 
Yacht Basin Company of Brooklyn, New York. The Vice-President and 
Manager of this firm has had charge of the building of several well- 
known yachts, e. g., the Meteor (Kaiser Wilhelm's yacht), and the 
Atlantic, which won the Atlantic cup race of 1906. The vessel is to be 
completed by July i, 1909. Mr. Henry J. Gielow of New York City is 
the naval architect and engineer-in-charge ; he will be assisted in the 
work of inspection by Mr. W. J. Peters, formerly iu command of the 
Galilee and to have charge of the Caruegie. 

The general dimensions of the Carnegie will be: length over all, 
iSSli feet; length on load water line, i28>^ feet; beam moulded, 33 feet; 
draught, 12 feet 7 inches. 
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